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or the Scendinavian Pathological Society, for 
,lisc.ission of matters relating to the general assembly during this 
meeting and the foIlo^ving. 


The congress was inaugurated by the President. Professor Robin 
FAlirffius (Uppsala), who delivered an address in memory of members 
of the Scandinavian Pathological Society deceased since the last meet- 
ing, Lector Vilhelm Jensen (Denmark), Dr. Arnoldus Schytte (Nor- 
way), Veterinary Inspector C. W. Andersen (Denmark), Professor 
Harry Castrcn (Finland), Professor Carl Nybery (Finland), Chief 
Pathologist Ole Berner (Norway), Professor Axel Wallgren (Finland), 
Professor John Forssman (S%Yeden). 

The following vice-presidents were elected: 

Section of Pathology: Professor H. Bergstrand (Stockholm), Pro- 
fessor 0. Brandt (Oslo), Professor A. Hjdrre (Stockholm), Dr. T. 
Kemp (Copenhagen), Professor A. Sa.Ten (Helsingfors). 

Section of Bacteriology: Chief Physician L. Bor gen (Oslo), Head 
of Department il7. Kristensen (Copenhagen), Professor A. Lindau 
(Lund), Professor G. Olin (Stockholm), Arkiater 0. Renkonen (Hel- 
singfors). 

The following secretaries were elected: 

Chief Physician F. Wahlgren, Secretary General (Stockholm). 

Section of Pathology: Dr. N. 0. Christensen (Copenhagen), La- 
borator A. Isaksson (Stockholm), Docent N. Ringertz (Stockholm), 
Docent H. Teir (Helsingfors), Pathologist 0. Torgersen (Oslo). 

Section of Bacteriology: Head of Department P. Holm (Copen- 
bapn), Docent B. Malmgren (Stockholm), Dr. o. Ouchterlony (Stock- 
ho m), Docent J. Pikkarainen (Helsingfors), Chief Physician T Vo- 
gelsang (Bergen). j 


‘d"’!',’ accept the invitation from the Fin- 

Si gtoTs Pathological Congress at Hel- 
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Papers read before the congress July 7-9th, 1947 

1. Section of.Palliologj' 

Kemp, Tage: Heredity in cancer. Clinical and experimental in- 
vestigations 

Clemmesen, Johannes: The Danish cancer registry. Problems and 

results ■ 

Ahlstrdm, Carl Gustaf: Fluorescence-optical studies on the ab- 
sorption of various cancerogenic hydrocarbons in the skin. 
Manuscript not received. Discussion, sec under Berg. 

Berg, N. 0.: Comparison of epidermal hyperplasia in the skin of 
mice after application of carcinogenic and noncarcinogcnic 


irritants 34 

Teir, Harald: On colchicine tests for the purpose of asccrlaining 
cell division and regenerative conditions in the liver of 

the rat 45 

Christensen, Erna: On tumors of peripheral nerves with a special 
view to neurogenous sarcomas. Published in acta psych, 
et neurol. Suppl. 46, 72, 1947. 


After a brief historical survey, a review is given of the case 
histories of G patients with peripheral nerve tumors, 2 of them 
with neurinoma, and 4 with neurogenous sarcoma. Two of the 
latter patients had recurrence of the tumor with malignant de- 
generation. The best therapeutic result is obtained with simul- 
taneous X-ray treatment and extirpation. 

Thorell, B.: The relation of the synthesis of hemoglobin to the 
cellular growth during normal and certain pathological 
conditions 

Saxen, Erkki: Tumours of tactile end-organs 

Hogreffe, Georg: Experimental-genetic studies on leucemia in 
mice 

Wallgren, I.: On the cytology of the erythropoiesis. To be pub- 
lished in the proceedings of the VI international congress 
for experimental cytology, Stockholm 1947. 

Banstrom, Stig: Erythroblastosis foetalis. 


54 

66 

80 


pathoWifanntU\^n symptoms on the background of the 



G 


Dhcussion. 



penmcnts on flooding the peripheral Wood with ervthrol)la«(^ 
As I have perfonned autopsy on some severe cases of ervthro- 
hlnstosis tliat terminated fatalJy a few days after dolivorv ’l am 
unahlc to suhscril)e to the view advanced hv Dr. Ranstrdin that 
the Rli factor enters the mother’s Wood onlv after labor has’ com- 
menced. For it IS difficult to sec how the antihodv formation in the 
mother may be lirought about in such a short time; and the same 
applies to the hemolysis in the child, with the re.sulting reactive 
clianfics in the spleen, liver, adrenals, skin and other organs. 

However, the concept of erythroblastosis is somewhat diffuse, 
and Dr. Ranstrdm gave no definition of his conception of ery- 
throblastosis. Originally, indeed, this term referred to certain 
morbid conditions in the- newborn, with severe icterus, congenital 
hydrops, etc. associated with erythrohlastemin. The term fin-thci' 
implied that the provocative factor should ho unknown. I have 
seen such morbid condition induced, for instance, by tuberculosis 
or syphilis in the molhei-. Tiiese cases wei-e clas'sified by the 
pediatricians after the mother’s illness, and they wci'e not de- 
signated as erythroblastosis, as the disease-producing factor was 
known. I do not know whether this definition still is valid. If 
so, I think, it would hardly he correct to apply the term of 
erythroblastosis to cases of severe anemia induced hy Rh anti- 
bodies, as in such cases the anemia-provoking factor’ is known. 

.As to the genetic considerations outlined hy Dr. Ranstrom. 
I should like to ask whether the changes in the Wood and organs 
observed in erythroblastosis and similar morbid conditions in 
the newborn might not be explained as resulting from lack of 
hemoglobin in the blood stream. Really the presence of erythro- 
blasts in the blood stream means only that the hemoglobin re- 
serve of the organism in the form of non-nucleated reticulocytes 
in the hone-marrow has boon u.sed up, more or le.ss, and that tlic 
hemoglobin requirement in the blood stream therefore has to 
be covered by means of erythroblasts. 

kfy own studies of the development of the physiological blood 
cell have shown that the above-mentioned hemoglobin reserve in 
the bone marrow increases with the progressing ontogenetic 
development. This may be the reason why nucleated red blood 
cells are found more often in anemia in the fetus and newborn 
than in adults. In my opinion, crythroWastemia is not a phe- 
nomenon specific of a certain form of anemia or other morhifi 
condition but it signifies a lack of hemoglobin in the blood stream 
at an eai-lv stage of the ontogenetic development. 

As to icterus gravis and hydrops, indeed, these changes aic 
explained bv the hemolysis — whether this bo due to the change 
from intrauterine to exlrautorine life, the Rh factor or other 
factors leading to increased destruction of red blood cells. 

HultouiST, G.: I should like to ask Dr. Ranstrom hou- we 
are to explain that the same pathologic-anatomical « 

ervthroblastosis are seen in children delivered by cesaican .ection 
as in children born by spontaneous delivery. Indeed, cesar a 
section ought to eliminate the risk of the placental injuries, uhuli 
W’ipiipr to firisc from lobor. . j- j r* 

In n maleriril comprising 15 cases of erytliroiilastosis foolaiie 

hyperplasia of the pancreatic islands. 
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IKERUP. L.: On 

fions, in the /l^ntancoi^^ erythrocytes 

is E seen «„■» 

“ ir l’s"‘c'onSw “ S?“S.:aTsi.ont.mcou. ra’n'.v 

due to an early erythroblastosis, and docs the li . g 
information about this question? 

Wihman, G.: Cylological findings in exudates and transudates ... 
Bergstrand, Hilding: Hypertensive vascular changes in the eye ... 
Foss, B.: Experimental anaphylactic iridocj’clitis. 

The reaction of the eve in inlrahulhar injection of foreign 
serum under different conditions. The reaction of the sensitised 
eye to injections of homologous antigen. The ® 

eve for sensitization of the organism as compared to that of the 
skill Demonstration of total preparations and lantern slides. 


87 

98 


Discussion. 

Ahlstrom, C. G.: It vas of particular interest that Dr. Foss 
was able to produce an exacerbation of allergic iridocyclitis by 
intravenous administration of the allergen after a first reinjec- 
tion had been given in the eye. Localization of the allergic re- 
action may he induced in several ways in the skin: heating, 
chilling, toxic suhstance.s. 

By means of very small doses of staphylotoxin I have tried 
to localise a scrum allergic reaction to the kidneys by intravenous 
injection of the scrum. 

I should like to ask Dr. Foss whether he has tried through 
unspecific irritants to localise the allergic reaction to the eye by 
intravenous injection of scrum. 


Foss, B.: In an e.xpcrimcnt that lasted over IS months, two 
animals were given human scrum in the left eye, and had their 
primary anaphylactic iridocyclitis. M months later both animals 
were given 5 cc. horse scrum without showing any reaction from 
the left eye. Two months later the animals were given horse 
scrum in their right eye, and after a few hours they had their 
reactive iridocyclitis. Two months later the animals were given 
human scrum intravenously. Now I expected a reaction from the 
left eye, but there appeared a secondary anaphylactic reaction 
from their right eye. What had now happened? 

It is conceivable that a doubling of unspecific antigens has 
taken place in the right eye. But I have also imagined that anti- 
body from human serum has been displaced from the cells and 
entered the circulation. Through the congestion of the right eve 
1 imagined that this circulating antibody miglit be deposited W 
being led out through the capillary wall. In other words, the 
antibody has been moved from one eye to the other. 

Benschen, Folkc: Intravascular tubercle formation. 

svnhmf 1°^ flic vascular endothelium in tuberculosis and 
Si Lilted Syphilitic cndocapillaritis was 

Aipinri^ic?^ endovascular tubercle formation in 

ifLercu interpretation of these structures 

® erroneous. Revis on of older specimens ntid 

S -Tir,..?'? '"J- «™‘ intowSSS lo te 

1'oacUoi.s Is iloiniod SSt'"’ n> oUrer vascular 
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Jarvi, Osmo: Methods for staining of membranous structures 
and hyalin in the kidneys. No abstract received. 

Saxen, Amo: On granuloma produced by talcum. 


j clinical studies on injuries to tissues brouslit 
heataent ofTou^^^^^^ the 


Discussion. 

Clemmesen, Johannes: I should like to ask whether we 
mi^it reasonably assume a general allergic reaction to talcum. 

Together with Dr. Helge Faber I have had occasion to observe 
the case of a patient who presented nodular granulomas, which 
were reddish in colour and tender to touch. These nodules were 
located on one knee, which had been »bad« in childhood and 
also in a scar after the laparotomy which was performed 10 
years prior to the present admission. 

Microscopic examination showed »lipoid granulomas« in both 
places. In the abdominal affections, polarization microscopy 
revealed the presence of cn^stals resembling talcum. I wonder 
whether a sensitization with following hypersensitiveness may 
constitute the basis for the changes here observed. 


Refvem, Olav: I. Chronic granulomas in the alimentary tract 
caused by minute mineral particles. II. »Boeck’s disease« 

• and occurrence of minute mineral particles 107 

Rubarih, S.: The pathologicohistologic liver picture in contagious 

hepatitis in dogs 122 

Hansen, Jens.: Autopsy statistics on peptic or duodenal ulcer 
— new Danish experiences. 

Data on the occurrence of the disease in a fairly large autopsy 


material from Copenhagen in 1937 — 43 — a continuation of the 
author’s previous investigations presented in a book: »iEndringer 
i Ulcussygdommens Fremtreeden (1907 — 1936), belyst ved en sek- 
tionsstatistisk Methode«. Munksgaard, Copenhagen. 


Discussion. 

Wilton, A.: To me Dr. Hansen’s grouping of the peptic af- 
fections into essential and accidental lesions seems expedient and 
serving the purpose, as it offers a greater possibility of estimating 
correctly, for instance, the mortality percentage. 

I should like to ask Dr. Hansen, however, whether in his 
autopsy-statistical calculations he has considered the biological 
difference between ulcer and scar. This difference may indeed be 
said to consist in this: the ulcer may disappear by being trans- 
formed into a scar, whereas practically all scars remain persistent- 
Iv. The number of scars will then increase with increasing age. 
Quite recently I have studied Falconer’s 

tic lesions in the autopsy material from St. Eriks Hospital in 
kockholm. From this the scar frequency in ^''““f^.'^TPeared con- 
tinuously to increase with the age. In men, on the other hand, the 
scar freauency showed a significant fall for the age-class of 60 
70 vears This may indeed be due to the circumstance that scars i 
men nrevioull^were iLs common than now, which would lower 
the freauency of scars in old men. Something similar would turn 
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slg„ltio.nc« t. 11.. morlalily calculations carried out by Dr. 

Hn.TisGn. 41-10 ^onripTirv to liGeilinff. AftGi* prGvious 

Then we may considei have been niade to estimate 

German authors, indeed, attemp w,nre scars in proportion 
this tendency after the pnnciple: « f "^^Sal the greater 

E-SaSSISrHSM 

rSed S^rnu" wi«\ increasmg 

prindpll ofcaSuon S' be n 

~ iloS r sSrf ir | 

Sve principle of calculation the healing percentage for tlm 
children will be 0, signifying that ulcers would nevei heal in 
children. Furthermore, all the scars met with in patients be- 
longing, for instance, to the age-class of 70— SO years might come 
from the healing of ulcers at a much earlier age. Assuming, for 
instance, that a chronic ulcer never heals after the age of <0, the 
lioaling pGreentagG after this age would then he 0. Nevertheless, 
using the above principle of calculation for the healing tendency 
we will get a high value. 

In the aforementioned statistical account Falconer has also 
tried to calculate the healing tendency of acute ulcers. The healing 
percentage was calculated as the quotient between acute ulcers 
and acute-fchronic ulcers. Naturally the values obtained through 
such calculations must be misleading, as no allowance is made 
for the fact that the healing time for an acute ulcer is con- 
siderably shorter than that for a chronic ulcer, and that chronic 
ulcers more often terminate fatally than do acute ulcers. Sup- 
posing, for instance, that the healing time is one month for 
acute ulcers, two years for chronic ones. In an autopsy material, 
then, the chronic ulcers will be 24 times as frequent as the acute, 
itforeover, when the lethality is higher for chronic ulcers than 
for the acute ones, the resulting overrepresentation of chronic 
ulcers will have to be taken into consideration too. 

From these remarks, I think, it will be evident that the 
autopsy-statistical calculations which now are being employed 
to determine the healing percentage of peptic lesions are not 
correct. 

Also other factors of selection have to be taken into account — 
^ ff., shifts in the age and sex distribution of the autopsy material. 

presented by Dr. Hansen go as far back as 
to 190(, when the average lifetime may safely be assumed to 
hare been shorter than now. If the mean lifetime of the autopsy 
material has increased, and if the scars for the above mention- 
ed leasons increase m frequency with increasinR ace the fre 
quency of the scars in his material is bound to fnVeaL If 
.J'® varies with the age of the patients, in general I think 

fi values without correction 

or the age will be of only slight value or none at a 1 As T 

peS ulcer afteJ 

^ S' is D? ‘0 cancer of the stomach, 

as tlip spv ri- 'i ^fnnsens autopsy material homogeneous as far 

?Uis a shift 

greater. As the figures for thp ° ^ women has become 

for in the variouf nprinac ^^c^Wency of men and women dif- 
sexes mgether cannot bfcomcr™^'''’'®°"® 

by <hrlSouTSSts1n7C;L'^^^ “‘'‘-'St takoi, 

Da Itosen has Wed to ollmmat. S'SS?" 
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frequency of registered duodenal diverticula 
lound the papilla of Vater, in which no increase in the frequencv 
could be demonstrated. Such methods for control of the sources 
of error mentioned deserve all sorts of recognition. From the 
figures obtained from St. Erik’s Hospital, however, it is evidSt 
how great a role the search of the pathologists for peptic lesions 
may play in the figures for the frequency. The great increase 
in the number of peptic lesions registered in this autopsy material 
during the last decade is undoubtedly attributable in no slight 
degree to the interest taken by the pathologists in such registra- 


The obiections I just have raised apply more to the biological 
sources of error than to the statistical. It will be appropriate, I 
think, to illustrate this further. Here, for instance, in the table 
presented by Dr. Hansen we noticed a great rise in the frequency 
of essential pyloric and duodenal ulcers in men. Indeed the 
figures are sui-prising. If I understood Dr. Hansen correctly, 
however, in his calculation of these figures he has taken for 
granted that the healing time and the lethality have been the 
same in the period under comparison. But, many investigators 
of peptic lesions — including, among others Swedish authors 
— have tried to show that this disease has been aggravated so 
that the healing now takes longer, and there has been an in- 
crease in the number of fatal cases. Let us assume that this 
is correct. Let us further assume, for instance, that a duodenal 
ulcer which previously took a year to heal, now takes two years, 
and that the number of fatal cases has been increased by 50 %. 
Such a change in the ulcer disease would naturally lead to an 
increase in the frequency for an autopsy material without neces- 
sarily meaning that the number of new cases had increased. With 
these remarks I have wished merely to illustrate some of the dif- 
ficulties and sources of error associated with conclusions that are 
based on autopsy statistics. The point is to pay close attention 
to the factors of selection involved, and they are not few in 
number. Also Dr. Hansen has done this on some important points, 
and I wish to state that his autopsy-statistical works on peptic 
ulcer are among the best ones on the subject that I have read. 


Vejlens, Geert: Eosinophilia in peptic ulcer. 

Large amounts of eosinophil blood cells accumulate I’ound 
the peptic ulcer. The eosinophilia here as well as in other moi’bid 
conditions is interpreted as a defensive reaction of the body 
against substances irritating the parasympathetic system, e. g., 
acetylcholine. 


Discussion. 

Ask-Upmark: I have been particularly interested in that part 
of Dr. Vejlens’ paper where clinically certain features of peptic 
ulcer appear possibly to be accompanied by the presence, foi 
instance, of an allergic factor in the genesis of the ^ 

one thing some ulcer patients have asthma and 
ly. In the ne.xt place I wish to point out the ® 

peptic ulcer represents a localised, circumscript injury. If, as 
seems reasonable, we assume the peptic factor to be of decisi 
importance in the genesis of the ulcer we should expect an _ait« . 
ation of a greater or lesser part of the entiie »Magensti asse 

''®®Just a small remark about the Dr. Vejlens’ presentation of the 

problem: histamine is no stimulance of the 

system. The gastric secretion after injection of histamine - 

presents nearly an increase in the output of 

nnt of nensin Real parasympathetic stomach juice is obtained 

Smuk Silon of insulin - throusli 11, e .-csulung hjTiogly- 
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"'"wAUOnVS, I.- I too i.ovo foMn.l o vory f.,.!..-;..! 

of nlk'i-dc oriciii. A fciitiiri' roiiiiiH'ii lo "l oi 

liowt'vor i.s tlio .•ip))('iir;inc(Mif uln-raiiv^' iinplv o 

piltilitv of aljsorpliou of sulximirrs 

woiKlors what function tiic cosiuoplul cc!N iiia> h.a.' i.s h i 
coiulitions. Do tlioy proilvicc any ^.•cn‘Ilnn. 

In tlic liviin: cosinopliil cells we fiiul no iliopl.-i- that iiii- !« 
he looked upon'as secretory droplets, .‘^till, tins doe- no: n> arasii-. 
the possibility of a secretion. In the he|'arinoi yte we ite ■ t ••' i-li 
a parallel phelioinenon. This cell has a cyiopIaMiiic sttnriniv loa. 
L'reatly reminds of a correspoiidim: ,-inicinre m the ' t.-ninpjn! 
trrannlocvte. Jndeine' from the slainahilii.v. hep.inn i- roitc. n- 
trafed to the less ri'fracii\e dntp system in the cyiopl.s-jii. J-.tid 
it can lie piven off to the snrronmiincs. In a li'iiisr, ttn-t;.iii. 1. 
coll the correspondiiif! morpholoi.Mcal chamre- thm- -honM not I s 
noticeahle. I'rom ti si'creiiny free cell, indeed, llo' -ecjitpiii tna) 
he given off to the snrronndimrs tdre.'id)' l i-fei.- it hs,- {•< i-n 
gathered into droplets. 


Ani..STH(iM, (i. (h: Arcordiin,' to my e\pi ) ii tn e- tl,.- of.-isf 
rence of cosinoiiliil lettkocyte- at the hottotn el the tih'> t i- 
able, heitig sometimes identifnl. somidimes -l aiiiy, preieddy •!<■ 
pending on various eomlitions for healin!*. ho'.-il ti-.ite ob'erp 
tion etc. The finding of eo-inophil lettkocyte- itt p. ptic njser, 
however, i.s difficult to estiimite its nn alleicie phetnOiM ttoii, a- 
the.sp leukocytes normally oecnr in great nnmher- m tin- intii eii- 
mendiraiie of the digestive tnict • pre-nmahl> a,- an evp* 'it 
of absorptive proev'sses. ff, on tfie otlier hatnl, we wi-h' d to t.ake 
the finding of eosinophil hotkoryle- m the h ntotn i.f the n!«-. r 
a.s evidence of an allergic reartimt, I wi-ii to point oitt (tsat rj!-. 
the fibrinoid degeneration ofieti pre-ented by the h it;,i!ii of the 
iileer imiy he inlerpietcrl itt the same tliieriion. I! i«. d<-uhtf!tl. 
however, whether it really he Jitstified on the hns)- o! t.he., hod 
ings to ehissify pejttic tileer jts an :tllergie dis-a-e. 


lorgcrscn, Olav; Islcls of I.nttgerlinns in fibrncvslic (lisensg of 
Ihc pancreas, a liillterln nndescrilied alnmrinalily 

Ihillqnist, Gosfa: An inve.slif’alioti tin pregiiaticv in tlialtelic 
animals 

nergslrcuHl, Anders: A case of (liabeloi-enntiN (hvarfivtn 
^vcuhen Mm, nc: On llie ordinary lalera! inguinal bcrni.a, ib. 
heredity and conneclion wilb Ibe sex ralio al birlb. 

cases of hiterif inVnitVaMii'r'’*'*'?*'' ''‘'inprisim; ispi opi-rnted 

ninrplmtctyv t»f Ih. 

'n. 'r' ,.r IhV .,l,v„al 


i:u 
1 II 
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Ahvenainen, E .K.; On aspiration of amniotic fluid. 

fheT'^signifiSnS""' membranes« and 


Discussion, 

Gellerstedt, N.: No abstract received. 

Gellerstedt I wish to state that 
tiansitional forms are found between elements of the amniotic 
fluid and coherent membranes. It may be that also other sub 
stances are present in the membranes, but they are formed 
chiefly of amniotic fluid. Also other membranes are encountered 
that have not originated from amniotic fluid. 


Fahrxiis, R.: Dr. S. E. Bjorkman’s investigations on the circula- 
tion in the spleen. No abstract received. 

Wahlgren, F. and S. Lofgren: Histopathological studies on 
erythema nodosum, to be published in acta dermato-vene- 
reologica. 


Discussion. 

Wilton, A.: Regarding the remark of Professor Bergstrand 
that the most characteristic feature of allergic tissue reactions 
is the so-called fibrinoid reaction, I wish to point out that this 
change must not be looked upon as specific. Indeed, such changes 
are encountered in morbid conditions which certainly are not 
allergic — c. g., scurvy. 

A characteristic of the fibrinoid reaction — as we have seen in 
the beautiful pictures presented by Professor Bergstrand — is the 
division of the collagenic fibers of the connective tissue into delica- 
te fibrils which fail to stain like ordinary connective tissue fibrils, 
while they turn black on treatment with silver salts. On study 
of the connective tissue cells in such foci of degeneration, they 
often are found to show changes typical of immature cells, e. g., 
basophilia of the cytoplasm, vesicular nuclei with large nucleolei, 
etc. On this account I have interpreted the fibrinoid degeneration 
as a process of dedifferentiation — and I shall briefly outline 
what I mean with this e.vpression. 

Immature connective tissue cells are able only to produce 
delicate, so-called precollagenic fibers that contain no collagen. 
Therefore they fail to stain after the ordinary methods for the 
staining of collagen, whereas thej' are stained black with silver- 
salts. When the connective tissue cells attain a higher degree of 
maturity they also become able to produce collagen. The col- 
lagen formation results in a homogenization of the fine precol- 
lagenic fibrils, giving rise to more coarse fibrils of stainable 
collagen. If now a noxious factor — e. g., vitamin C deficiency — 
gives rise to such a disturbance of the cell metabolism that the 
connective tissue cells return to a functionally immature stage 
— i. e., undergo dedifferentiation — the cells lose their capacity 
for maintaining the collagenic deposits already made. The 
collagen dissolves and disappears, and the delicate precollagenic 
fibrils may now be observed once more. Provided that the process 
of dedifferentiation has not been going on too long, it is revers- 
ible. This can be demonstrated most simply by giving vitamin 
C to the scorbutic animal, in which the dedifferentiated cells 
then are seen to resume their previous degree of functional 
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maturity. Collagen is .ocess’ or^LdTffercnulufon may be 

disappear. Naturally su^a p ocess oi u gocallccl fibiln- 

reactions. 

Bergstrand, H" No abstract rccci\ed. 

Wit TON A: I quite subscribe to the view advocated by Pi o- 
fpssor Bercstrand, that the fibrinoid reaction in peptic ulcei tan- 
S ie looSd upon as signifying an allcrg c tissue ’'cact on 
Earlier to-day, however, peptic ulcer as an allergic d'seaso ha. 
been under discussion just as a sign corroborating this mow. 


2. Section of Bacteriology 

Jensen, K. A. and Inger Kixr: Problems concerning the estima- 
tion of the chemosensitivity of microbes and measuring of 
penicillin and strcplomj’cin concentration in the blood and 

spinal fluid — 

Zetterberg, Bo: Effect of some new substances on the metabolism 
and morphology of tubercle bacilli. 

The substances here examined are: metbylindol, inethylnapa- 
tlialenes and methylquinolincs, besides compounds of these and 
sulfanilamides. Their bacteriostatic, bactericidal and respiration- 
inhibitory properties are described, together with their influence 
on the tuberculin production and morpholog>’ of the tubercle 
bacilli. 


Discussion. 


Damde, H.: In connection with the demonstration of his 
particularly interesting experiments. Dr. Zetterberg showed also 
a Warburg curve on which the tubercle bacillus control ])re- 
sented a tjqiical respiratoiY curve. 

Now I should like to ask Dr. Zetterberg whether his T. B. 
strain did not often show a poor respiration or practically no 
respiration at all. In the groat number of Warburg experiments 
I have carried out together with Thcorell and Borgstriim, em- 
ploying several antibiotic factors active against tubercle bacilli, 
a good many experiments turned out unsuccesful because of poor 
oxygen absorption by the bacilli. Tubercle bacilli belonging to 
the same strain, and being of same age (as a rule M days) and 
grown on the same medium were found to vary in an extra- 
ordinarily high degree as to their rate of respiration. It was not 
a question of bacteria that somehow had been injured. On culti- 
vation of the bacilli in human blood on cover slips ad modum 
1 lyce-Mueller I was able through daily microscopic examination 
0 demonstrate that their multiplication rate from the second 
to the 9th day was equally pronounced in bacilli with normal 
respiration and in the bacilli which showed no oxygen consump- 


I wish to call attention to these findings even though to mo 
S somewhat to lower the value of spirometric assavs 

Of the antibacterial activity of the given preparations. 


connection with Professor Davido’s remarks 
Sfeionl^" Z.citccberg ivliether he had noticed ar 

time for fir f ospiration of the bacteria due to the point i 
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Ohn, G and Lithander: Toxin-forming staphylococci as cause 
of death on the injection of infected bacteriological pre- 
Card, Sven: Egg products as source of infection in paratyphoid 

In 1946 a considerable number of cases of paratvuhoid 

SV"£ge°L^In! ;^be^o„SSat?d;^^ “ 

Borgcn, L. O.: Infection with Actinomyces muris ratti after a 
rat bite 

Zettergren, L.: Pulmonary moniliasis. 

Prelirnmary results of animal experiments aimed to show the 
jn tbe lungs (disseminated foci of granulomas) which arise 
Horn inhalation of monilia-containing threshing dust. 

Lindau, A.: How are we to reveal an unspecific positive Was- 
sermann reaction? 

Survey of serological reactions for syphilis against the data on 
morbid conditions given by the patients themselves. Discussion 
about bow the false positive reactions may be recognized and 
followed. 


Discnssio7i. 

SiEVERS, 0.: It is of the gi’catest importance at every suspicion 
about an unspecific Wassermann to try to ascertain the cause 
of the faulty reaction. In order to elucidate this I shall try to give 
an account of explanation of the unspecific Wassermann reac- 
tion in primary atypical pneumonia. The reaction was performed 
as usual with cholcsterinized ox heart extract. The usual serum 
control was performed in duplicate; 1 tube with the same amount 
of serum as in the tube containing antigen, and 1 tube with 
twice this amount of serum. The latter, so-called double serum 
control, in keeping with old-time practice (Sachs, Laubenhei- 
mer) has been used as far as possible to illustrate the anticomple- 
mentary capacity of serum. If this double amount of serum gives 
an inhibition, it indicates an all too strong anticomplernentary 
power, and in the pi-esence of antigen such sera may easily give 
unspecific reactions — even with smaller amounts of serum. 
Altogether 40 sera from patients with primary atypical pneumonia 
were examined, and G of them were found to react with Wasser- 
mann antigen. In two of these cases there was inhibition in the 
serum control, and hence these sera are absolutely not to be 
looked upon as Wassermann positive. In such cases we can only 
record that auto-inhibition is present. The double serum control 
shows that self-inhibition has occurred in three additional sera. 
The result thus indicates that these sera should have a distinctly 
increased anticomplernentary power. Indeed, this could be con- 
firmed through titration. It was found that all the sera reacting 
with the Wassermann antigen had a greatly increased anti- 
complementary action. These titration results also suggest that 
a possible Wassermann positivity in primary 
often — in my material, so far, always — will be due to an 
increase in the anticomplernentary capacity of the serum. Bj 
paying close attention to this we may find a cause of an ap- 
parently unexplainable reaction. 
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So.„cll.ing aimilnr has |.c™ 

controrib^^to"explain the cause of llie faulty Wasscrmanii re- 
action. 

PACKUibs^ Th.: Tlie knowledge of the great importance of the 
lipoids to ti^’ outcome of the Wassermann reaction ^ 

the flocculation test in syphilis makes one wonder whethci it 
might not be possible through removal of the lipoids from sera 
to eliminate certain factor.s that have a ® 

unspecific reactions for syphilis. I should like to know if I l o- 
fessor Llndau has tried extractions of lipoid m suspect unspecific 
reactions. For there is anotlicr serological reaction — the anti- 
streptolysin reaction which likewise is highly sensitive to changes 
in the lipoid content of the scrum. _ 

I hope I shall be able even at this congress to give a fairly 
detailed account of studies on strong unspecific increase m the 
antistreptolysin liters arising through changes in the cholesterol 
concentration of scrum (or exudate), among others, osiiccially 
in hepatitic sera or exudate and in sera contaminated with certain 
bacteria. When such sera are lipoid-extracted, for instance, after 
Blix or after McFarlanc — both of whicli procedures spare the 
serum proteins from denaturation — tlie unspecific rise in liter 
disappears. In contrast hereto, the specific rise in liter — i. r.. 
the rise due to antibody formation — remains ratlier unaffected 
by the lipoid extraction. 

To mo it seems conceivable that also some instances of specific 
syphilitic reaction might be duo to .shifts in the lipoid a.siiects 
and thus perhaps be made to disappear through lipoid extraction 
of the scrum. 


Krag, P.: In Copenhagen a positive Wassermann is a very rare 
finding in sera from patients with Weil's disoa.se. 

Last spring 27 soldiers were found to give strong Wassermann 
and Kahn reactions, hut strikingly weak, dubious or negative 
Mcinicke reaction. Those soldiers were hosjiitali/.ed for hron- 
chitis, sinusitis or bronchopneumonia. Some of the soldier.s pre- 
sented cold-agglutination, bui the Wassermann and agglutina- 
tion by no means covered each other. P. Wiingaard will rciiort 
these cases. 

In 1941—43 the ISIeinicke reaction was carried out after both 
the macro- and the micromethod. Comparison of the results 
showed that in our hands the micromethod gave no information 
of value that w’as not furnished by the macromethod. 

Strong unspecific Wassermann reactions disap])oar more slow- 
ly than weak reactions when they ajBWiir in lung lesions, it is 
true, but the really protracted unspecific Wassermann reactions 
without any lung lesion arc usually somewhat weak reactions 


Borgln, L. 0.: Professor Lindau’s pai)er has been most in- 
teresting to me, and I wish merely to mention a few experiences 
from the Wassermann material in the Ullcvaal material (Oslo). 

Most of the unspecific Wassermann reactions we have seen 
in our material (about 15-20 per 20,000 reactions a vear) come 
from patients with infiltrations in the lungs. I have never seen 

Weil's disease. I.i Norwav, irthe, S 
examined about 100 cases of Weil's disease So 
Professor Lmdau’s statement about 40% unspecific W-tssei 
maun reactions does not agree with our experiences in iSirwii v- 
is kckdTngTf ^-e! Wassermann in mononucleosis 

emplovkSkho^ reactions, ns a matter of fact, w’c 

P J cbout the same procedure as recommended by Lindau 
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For routine examination we employ 4 reactions: Wassermann 
Kahn, Meimcke II, and Pallida. Absorption of sera with use of the 
Pallida reaction — as suggested by Dr. Vogelsang, Norway — 
has given very good results. Sera with anticomplementary (self- 
inhibitory) effect involve no problem in practice. On titration 
of such sera with and without Wassermann antigen it happens 
but very seldom that the matter is not cleared up. 

Now and then we have met with the phenomenon that in- 
activation of the serum makes it give a strong unspecific Was- 
sermann reaction, while the same serum without inactivation 

after standing a few days in icebox (for removal of the alexin 
reaction) — gives a negative reaction — as it ought to. 


, RenkoneN, 0.: In the Serobacteriological Institute in Hel- 
singfors, for the verification of positive syphilitic reactions we 
have employed the verifying methods given by Kahn, besides 
Meinicke’s reaction. With the verifying methods and the Meinicke 
reaction the results, on the whole, have been identical and appear 
to be useful in uncertain cases. 


Lindau, Arvid; I agree with Dr. Sievers that there is some 
relationship between anticomplementary effect and unspecific 
Wassermann reaction. 

Unfortunately no really good method for elimination of this 
anticomplementary effect is yet available; and the same seems 
to apply to attempts to free the sera from the factors giving 
unspecific reactions. If the sera are left standing in ice-box for 
some days, however, we may find that an unspecific Kahn re- 
action has disappeared in the meantime. 

It seems not unlikely that th6 changes in syphilitic serum are 
of quantitative rather than qualitative nature. This makes it 
easier to understand the appearance of the unspecific reactions. 

Vogelsang, Th. M.: Bordel-Wassermann’s reaction carried out 

with cardiolipin-lecithin-cholesterol antigen 167 

Krag, Peter: The lecture gave facts from three papers: 

M. Bjorneboe and P. Krag: Studies on a complement fix- 
ation in hepatitis "with liver extract as the antigen, 
published in acta path, et microbiol. XXIV, 352, 1947. 

M. Bjorneboe, P. Krag and F. Lundquist: Complement fix- 
ation in hepatitis with some lipoids from liver-tissue ... 175 

M. Jersild and P. Krag: Experiments on transmission of 
infectious hepatitis to guinea-pigs, to be published in 
acta pathol. et microbiol. scand. 

Scheibel, Inga and Knud Bojlen: Combined diphtheria and te- 
tanus immunisation 

Ouchterlong, orjan: In vitro method for testing the toxin- 

producing capacity of diphtheria bacteria 186 

Ringertz, N. and C.-A. Adamson: The lymphadenitis picture in 

man with various types of bacterial invasion 192 

Renkonen, Osv.: On the constancy and heredity of serological 
quantities, to be published in acta path, et microbiol. scand 
Vrestin, G. and J. Wxrhaug: Pathogenesis and pathology ot 
odontolithiasis. No abstract received. 
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Christensen, N. 0.: Studies on the agglutinin formation in brucel- 
lar infection of the genitals of the bull 

Sjolte, 7. P.: Toxoplasmosis canis 

Magniissen, Henning J. and F. Wahlgrcn: Human loxoplasmosis. 

an account of hvelve cases in Sweden 217) 

Maaloe, 0.: Some aspects of the normal, antibacterial defence ... '>'M 

Krisiensen, Martin: Mutative bacterial fcrmcnlation 2l ! 

Eriksen, Knud Riewertz: Acquired penicillin resistance in patho- 


genic cocci 2 H1 

Bergqvist, S. and 77/. Pnckalcn: TJie bacicriologicjil origin of a 

spreading factor present in the nasal secretion ‘inb 


Setcild, K.: Effect of irradiation and histamine on the chylomicron 
curve of the blood. 

X-ray and radium irradiation pivo.s ri.>:n to cprinin rimnpe.'^ 
in the cliylomicron changes of the hlood. depending on the field 
irradiated. Exactly the ,«ainc chango.s can he Itrougld about by 
administration of liistaniine. 

Packalcn, ThotoJf: Non-specific antistrej/tolysin reactions and 
scrum (or pleural-exudate) cholesterol 

Hcdlund, Per: Streptococcic agglutinin and anti-streptolysin in 
different diseases, to be published in acta path, et microblol. 
scand. 

Thulin, Karl Emil: On the occurrence of antislrcitlocnceal O ag- 
glutinins in the scrum of patients with acute or chronic 
polyarthritis 


250 
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HEREDITY IN CANCER. 

CLINICAL AND EXPERIMENTAL INVESTIGATIONS. 


By Tagc Kemp. 


For centuries it lias been known that cancer often occurs familial- 
ly; the genetical aspects of the cancer problem have been the object of 
extensive systematic studies in human beings and experimental genetic 
investigations on animals, especially on mice. But Ibc jiroblcm of the 
genetic origin of tumors has not yet been definitely solved. 

This is the reason why a group of collaborators at the University 
Institute for Human Genetics in Copenhagen about .') years ago decided 
to make an attempt to investigate the genetics of cancer. The investiga- 
tion has partly been carried out in cooperation with the Danish Cancer 
Registry, the University Institute of Pathological Anatomy and the 
Radium Center in Copenhagen and numerous Danish hosjiitals and 
clinics. 

The investigations so far carried out include 

1) medical-genealogical studies made by a number of physicians 
each being a specialist in the field his investigation concerns, 
and 

2) genetic experiments in mice. 


The statistical-genealogical investigations have been performed as 
a series of surveys each concerning a considerable number, generally 
several hundreds, of probands or propositi with cancer of a certain 
type, f.i. cancer mammae, cancer uteri, cancer oesophagi, multiple 
cancer or leukemia, picked at random from the population. The fa- 
milies have been studied thoroughly and so far as possible every case 
of cancer m the relatives has been verified; in that respect these in- 
vestigations differ from earlier more comprehensive statistical studies 

f I'- 

Mrt 1J43)) and some which partly may be characterised as ^proband 
investigahons« (IF. R, Williams (1908), E. Lanc-Claupon (192G) 
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So far the investigations of Oluf Jacobsen on heredity in breasl 
cancer (1946) and of Aage Videbsek on heredity in human leukemia 
and Its relation to cancer (1947) have been published. 0. Brobeck’s 
study on the heredity in cancer uteri, E. Mogensen’s study on cancer 
oesophagi and 0. Feilbergs study on multiple cancer are under pre- 
paration. 

Jacobsens study on the heredity in breast cancer includes 200 pro- 
bands, 197 women and 3 men with cancer of the breast. The investiga- 
tions of the families of the probands comprise the following categories 
of relations: parents, brothers and sisters, grandparents and brothers 
and sisters of the parents. Various forms of cancer for example lip 
and skin cancer are not represented in the families of the probands, 
but cancer of most other forms, sites and types occurs in the relatives 
and is comprised under the collective term endogenous cancer as 
a whole. 

A study of the case histories of the probands gives no grounds 
for supposing that exogenous factors play any important role in 
the development of breast cancer. An excess incidence of breast cancer 
among the female relations of the probands and likewise a significant 
excess incidence of endogenous cancer as a whole in all the categories 
of relatives both male and female were found. This indicates hereditary 
predisposition as the chief factor in the development of breast cancer. 

Breast cancer is dependent on hereditary factors and the tendency 
to this particular form of the disease is bound up with an inherited 
predisposition to endogenous cancer in general. The development of 
the endogenous cancers is probably due to a general hereditary pre- 
disposition and the localisation of the tumor is determined by endo- 
genous or exogenous factors. The general hereditary predisposition is 
often apparently inherited as a dominant character. 

Videbsek has investigated pedigrees of 209 patients with leukemia 
and found the familial incidence of the disease to be at least 8 per cent. 
Several types of leukemia may occur in the same family. The relative 
frequency with which they occur is the same for the familial cases 
and for the disease in general. The multiple occurrence in the in- 
dividual family is usually not confined to some particular type; leu- 
kemia is probably genetically a morbid entity. 

Leukemia as such is not inherited; it is a question of inherited 
disposition to the disease. Simple dominance or recessivity may be 
excluded; it may possibly be a question of failing dominance or poly- 
meria (homologous polymeric factors). 

Hei-editary diseases are generally monomeric. Predispositions to diseases 
that in greater or smaller degree are hereditary must generally be regardea 
as polymeric They are graded characters dependent on many genes, wlncn 
appearing alone have hut little effect, and of course furthermore dependent 
on the gene milieu of the whole organism and the environments. 
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A,„„„g n,c„,b.rs of n fan,Uy Ihcro seems lo l,e nn age eorrelaU,,,, 

as regards the onset of . • .ignificantlv higher among 

The incidence of pernicious anemia 'f/'Snhmam 5 b 

'““"Zret* s of ,hc ,e„,<e„ua paUen.s .here is a sigaincan.;^. 


Among the relatives of the lenltcmia palienls there is a s.gi 

scfsl elneldenee of eancer as a rvhote, due to the Wf 
.,lt forms of eaneer. Caneer including lenketn.a IS prohahl., a disease 
entity genetically dependent on a dominant gene common for all the 

different forms of endogenous cancer. 

The development of leukemia seems to depend on various con- 
ditions, among others, on non-specific hereditary predisposition to 
cancer, which is believed to be present in at least 20 per cent of the 
population in general, and partly on one or several genes, the acthil> 
of which plays a role for the localisation of the cancer to the leiikon. 
Leukemia seems to constitute an entity genetically and changes in 
the circumstances of the individual, the environments taken in the 
widest sense, are determining for the type of the disease {acute or 
chronic lymphogenous or myelogenous, monocytic or stem-cell leu- 
kemia) which develops. External factors play a role for the develop- 
ment of leukemia. 

The probahility of the occurrence of .several cases of leukemia in 
the same family is rather slight; the risk of near relatives of a patient 
with leukemia getting cancer is as high as up to fifty per cent. 

Brobeck investigated the families of patients suffering from cancer 
uteri. Among the relatives of probands with cancer corporis uteri the 
Incidence of endogenous cancer was high, and the relatives of prohands 
with cancer colli uteri show the same frequency as the relations of 
control probands. In the families of the patients with cancer colli uteri, 
on the other hand, a relatively increased frequency of cancer oesophagi 
was found; in this connection it is worth while lo rcinemher the 
similarity with regard to the histological structure of cancer colli uteri 
and cancer oesophagi. 

In the families of prohands suffering from cancer oesophagi in- 
vestigated hy Mogensen an increased number of cancer oesophagi was 
ound Generally the second case of cancer oesophagi in the familv 
was found m a close male relative, the father or a brother of the 
proband. In these families, however, the proband and the relative with 

roholitm-^ n ^ chronic 

ivntacrfor ewn'’ t"T ^"<1 "ol lllc 

p'i- 

malignanl tumor. The rcWivo' tieniicni-"' cmiccr some oilier 

me relative ficquency of cancer in the relatives of 



le probands was almost equal to the frequency in the relatives of 
patients with cancer mammae; the incidence of cancer corporis uteri 
seems, however, to he relatively increased compared with the frequency 
of cancer colli uteri, in the families of probands with multiple cancer. 

Julhis Bauer (in a Middleton Goldsmith Lecture, New York Pathological 
Society October 12, 1932) supposed in accordance with Loeb & Lathrop 
Waaler, Miche cl al. that the constitutional tendency to cancer is based on the 
effect of hyo predisposing genetic factors: a general blastema tendency and 
a localisation factor; but both genetic factors may in exceptional cases, to 
a certain extent, be replaced by excessive, exogenous irritation, or they can 
he induced by exogenous injuries. 

In the classic experimental animal for tumor research, the mouse, 
the heredity of spontaneous cancer (including leukemia) and of the 
susceptibility to transplanted cancer have been investigated thorough- 
ly. So far the results obtained have been various, how’ever, and there 
is a great divergence of opinion with regard to the mode of inheritance 
(C. Lynch, M. Shjc, C. Little, N. Dohrovolskaja-Zawadskaja, IP. Furth, 
IP. S. Murray, .7. .7. Bittner, A. M. Cloudman, 77. Lefevre et at.). 

This is why' a team of workers in experimental cancer research 
in the University Institute for Human Genetics in Copenhagen some 
years ago started experimental studies of the genetics of tumors in 
mice (G. Hogreffc, P. Arentsen, IP. Permin, N. Betak-Petersen, 0. Ny- 
gaard-Jespersen and E. Petersen). 

Several mouse strains inbred through many generations have been 
used in the experiments, one with a high frequency of leukemia, two 
with a high frequency of cancer mammae and two with a very low 
frequency of tumor and leukemia. From crossing and back-crossing of 
these strains result a number of hj'hrid generations which have been 
investigated carefully. 

The mouse strains with a high frequency of cancer are produced 
by selection and inbreeding through many generations; therefore it 
is not proper to compare these strains with human populations. The 
circumstances with regard to cancer in the hybrid generations ob- 
tained from crossing of strains with a high frequency are, however, 
highly parallel to the circumstances occurring in a human population. 

Furthermore the inheritance of the susceptibility to transplanta- 
tion of malignant tissue has been investigated. Some of the results 
of the mouse experiments deserve to be mentioned briefly: 

The susceptibility to transplanted tumor leukemia tissue is 
dependent on the presence of one or more dominant genes, character- 
istic of the tumor line in proportion to the strain of animals employed. 
The susceptihility is to a certain degree dependent on the presence of 
one or more dominant genes common to the transplant and the host. 
When tumor tissue, however, is transplanted to a strain with low 
frequency through several generations it will accommodate to the strain 
and the frequency of takes will increase. Hybrid generations of a strain 
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with a high susceptibility and a strain with a low frequency of takes 
show the same susceptibility whether the father is from the susceptible 
the mother from the non-susceptible strain, or conversely. 

On the other hand, young ones from a strain not susceptible to 
transplantation of tumor tissue, when suckled by mothers from a sus- 
ceptible strain show increased susceptibility, and jmung ones from 
a susceptible strain, when suckled by mothers from a not susceptible 
strain show reduced susceptibility to transplantation of tumor tissue. 

A very important obser^’ation by Hogreffe is that the pathological- 
anatomical picture resulting from the growth of a leukemic transplant 
is also dependent on genetic factors in the host. 

Also the studies of the inheritance of spontaneous mammary cancer 
and leukemia in mice are worth while mentioning: By cross-bi'eeding 
of a strain with high frequency of breast cancer with an apparently 
cancer-free strain, the existence of a hereditary predisposition to cancer 
was confirmed; but furthermore it was shown tliat a number of factors 
besides the inherited disposition contribute to the development of mam- 
mary cancer. Tumors that occur normally in inbred strains can be 
accelerated by means of carcinogenic carbohydrates. This accelera- 
tion may express itself both by an increase of the tumor incidence 
and by lowering of the tumor age. Several forms of tumors can be 
accelerated when there is a hereditary disposition in the strains con- 
cerned towards more forms of tumor, and there is an interplay between 
the genotypical and the external factors. 

In mice cancer of the breast is more frequently inherited through 
the mother than through the father, but this characteristic has not been 
demonstrated as to leukemia. The investigations on the inheritance of 
leukemia in mice demonstrate in the filial generations a segregation 
in early and late cases of leukemia, dependent on genotypic factors. 
Probablj’’ the disease has a tendency to occur later and more seldom in 
heterozygous than in individuals homozygous with regard to the pre- 
disposition for leukemia. This observation is in accordance with the 
clinical investigations carried out by Jacobsen and Videbsek mentioned 
above concerning breast cancer and leukemia in human beings. In 
either of the diseases the familial incidences seem to manifest 
themselves earlier than is usually the case with these diseases. 

The experiences from both experimental and clinical investigations 
confirm that the probability of the mammary cancer of the leukemia 
developing at an earlier period of life is greater, when the genetic con- 
ditions are particularly favourable than when there is a demonstrable 
hereditary taint. On the other hand, the possibility of the occurrence 
of the disease becomes greater with advancing age even though the 
mosaic of the genes is less favourable for its development. The develop- 
ment depends in first place on inherited tendency, those with heavier 
taint become grouped in younger age classes, w'hile the apparently un- 
tainted live longer before the growth manifests itself. In genetic term it 
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may, according to Jacobsen, be expressed by saying that the tainted are 
homozygous as regards one or several genes, whereas the apparently 
untainted are heterozygous. 

The results and conclusions of the aforementioned clinical and 
genetical investigations on the genetics of cancer may be summarized 
in the following scheme concerning the genesis of malignant neo- 
plastic growth: 


Endo- 

genous 

Factors 


Environ- 

ments 


The genesis of malignant neoplastic growth. 


Hereditary predisposition 


General predisposition 
Tendency to localisation 
(localisation genes, or- 
gan factors, similar 
histological structure.) 


Dominance (irregular), recessivity(?) 
polymeric ormultifactor inheritance, 
homologous polymeric factors. Tu- 
mors of different forms, types and 
sites differ in their genetical be- 
haviour. 

Later and more seldom in hetero- 
zygous than in homozygous. 
Variation in manifestation. 
Variation in susceptibility or re- 
fractoriness to tumor formation or 
tumor transplantation. Genes with 
the character of virus. 


Somatic mutation (induced or spontaneous) 


Cytoplasmic inheritance (maternal ef- 
fect) 


> e.xtrachromosomal 


Internal milieu (adaptation to individual, 
type, race or variety and species) 


Honnonal unbalance, metabolic disturbances 
Modification of internal milieu caused by: 
transplantation of eggs or embryos, milk factor (maternal in- 
heritance?), nutrition, age, radiation (decreased resistance), car- 
cinogenic agents (acceleration), intoxication. 

External milieu (exogenous factors) 

Irritation by trauma, chemical, thermal or ray influence, para- 
sites, bacteria and viruses. 


Summary. 

A survey is given of recent clinical and experimental investigations 
carried out during the last five years in the University Institute for 
Human Genetics in Copenhagen. A new scheme concerning the genesis 
of malignant neoplastic growth is presented. 
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a: ACa path. P.icr.h.«.. scand. 21. 7S3, 19«; 22, 89, 1915; 22, C15. 

a:'HereaS i» B.-c.sl Cane,-. A Genetic and Ciinlcal Study .1 

„d.JrArSX”rSn™r'iSia ana Ite Beiations to Cancer. 

in Ope'iTex'Smo Sgiae hereaitariac liumanae Univcrsilatls Hafniensis, 
Vol. 9, 11, 13 and 18. 


The investigations mentioned above were carried out with the aid of gi 
from Anders Hasselbalchs Fond til Leuluemiens Dckccmpchc, Konfi Chuxitan 
Ts Fond, Landsforeningen til Kraflcris Bekampelse and The Lady lata 
Memorial Trust. 


DISCUSSION 

J. Clemmesen: I wish first to express inj' great appreciation of 
the collaboration between the Danish Cancer Register and the Univer- 
sity Institute of Human Genetics, Copenhagen, through a number of 
years. The original cause of the part of the work due to this col- 
laboration was that in studies on the cancer mortality for various oc- 
cupations as, for instance, the hotel trade, cancer of the oesophagus 
was encountered frequently. Now the problem Avas: Does exogenous 
cancer arise only in individuals with a hereditary disposition, or at 
any rate preferably in such individuals? 

Presumably this question might be settled through simultaneous 
investigations on exogenous as well as endogenous forms of cancer 
in a population worked up statistically. 

The possibility of establishing the inheritance seemed rather slight, 
however, as relations more distant than sibs and parents are very 
difficult to plot because the information obtained is not reliable. 


T. Kemp: I agree Avith Dr. Clemmesen as regards the value of a 
registration of all knoAvn cases of cancer in a population, carried out 
during a considerable number of years. A cancer registry carefully 
collected and filed for a long period of years Avill be useful as a basis 
tor our continued studies on the genetics of tumors. Furthermore the 

y toe Cancer Registry and the Institute for Human Genetics may be 



FROM THE DANISH CANCER REGISTRY, COPENHAGEN 


THE DANISH CANCER REGISTRY. PROBLEMS 
AND RESULTS 

By Johannes Clemmesen. 

The Danish Cancer Registry under The National Anti-Cancer 
League was founded in 1942 with support from The National Health 
Service in whose offices it works. The purpose of the Registry is the 
collection of information on the incidence of cancer. All cancer 
patients admitted in Danish hospitals are voluntarily notified to the 
registry. A token salary of 1 Krone is paid for each notification and 
for cancelling a previous one. This material is supplemented with 
copies of all death certificates for cancer patients which substitute 
notifications from general practice, and are used for checking up 
hospital notifications. Autopsies are separately notified. 

Investigations followng the lines laid down in the paper of Dr. 
Kemp and the following discussion were the first task of the Registry. 
It was our intention simultaneously to investigate the extent to which 
endogenous (i. e. hereditary) and exogenous factors are concerned in 
the causation of various forms of cancer occurring in a population 
cross-examined through registration of all cancer cases. These investi- 
gations comprise studies on breast and uterine cancer, leukemia and 
multiple cancers. 

So far, mortality statistics had offered the only basis for inter- 
national comparisons of cancer incidence. To create possibilities for 
comparing the results of the Cancer Registry with figures from other 
countries we have, to begin with, compared age distribution curves 
for cancer mortalities of 1938 in the three European countries with 
highest cancer mortalities 1) Switzerland, 2) England and 3) Den- 
mark. 

These three countries show only minor differences in total cancer 
mortality, hut Switzerland exhibits an excess for males which show 
the highest mortality of this sex, while the Swiss female cancer mor- 
tality is no. 3. England is second for both sexes, while Denmark is 
first in female cancer mortality and no. 6 with regard to male cancer. 
Which factors are responsible for these differences? 

Table 5 gives the total cancer mortalities at various ages for males 
in the three countries. The corresponding diagram for females show 
smaller deviations in opposite directions. 
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'excluded from the total cancer mortality for 
If gastric cancer is excludeo i countries of highest mor- 

all sites we find that the (Switzerland and England). The 

tality coincide, as shown in Ta feature: the two 

corresponding curves for women display tlie 



upper curves (here for Denmark and England) coincide when gastric 
cancer is subtracted from the total. 

If cancers are divided into two groups, one with all cancers of 
accessible sites, and the other with cancers of inacccssihlc and uncertain 
sites, then the elimination of gastric cancer from »inacccssible silesc 
will cause coincidence of all three curves for females, but not for 
males (Tables 12 and 13). Computations have confirmed the impres- 
sions given by the diagrams. 

Thus the group termed gastric cancer is to a vciy large extent 
responsible for the differences in cancer mortality hetween the tliree 
countries concerned. However ill-defined that group may he, it is also 
responsible for the differences in female inaccessible cancers. 

Similarly in a Danish material where Capital, Provincial Towns and 
Rural Areas take the places of the three countries, female inacccssihlc 
cancers will show coincidence of the three curves after the elimina- 
tion of gastric cancer. The impressions given hy the diagrams have 
all been confirmed by elaborate computations worked out by Th Busk 
Lie. act. 


However, the main object of The Cancer Registry in Denmark is 
comparison of figures which are nearer to the real incidence of cancer 
than mortality figures. ’ 


We may now compare the figures from The Danish Cancer Registry 
with those of the Cancer Registration for Upstate New-York (exclusive 
0 ^ew York City). The figures are given as percentage of all cancer, 


and it should be noticed than for final conclusions age distribution 
curves should be constructed. The following figures will however, do 
for an orientation. 


12 

CAUcex OF iHAocesslBiE ,slrej. IhcludIhb srvHJKH 



xMU4tAtMuaun ts m OS vireMS 


, 13 

CAMCEA OF IMCCESSIbU Blr£3. BTOHAOI aCWOED 
HOfrrMjlY RATES AT VARIOUS MES. 



Material of The Danish Cancer Registry 1942—1944 compared vnih 
Material from New York State, exclusive of New York City, 1943. 

The difference in the incidence of skin cancer is easily explained by 
the difference in latitude of the two states. The differences in gastric 


Males 




Denmark 


New York State 

Stomach 

23% 

Skin 

14% 

Rectum 

10% 

Prostate 

11% 

Skin 

9% 

Stomach 

10% 

Intestine 

9% 

Intestine 

9% 

Prostate 

6% 

Bladder 

6% 

Lung 

5% 

Rectum 

c% 

Esophagus 

4% 

Lung 

4% 


The total includes Leukosis and 


Females 

Denmark 


New York State 

Breast 

20 % 

Breast 

23 % 

Uterus 

18 % 

Uterus 

18 % 

Collum 

uteri 

11,9% 


10,0% 

Corpus 

uteri 

3,9% 


3,4% 

Unspecified 

1,7% 


4,4% 

Stomach 

16 % 

Intestine 

9 % 

Intestine 

8 % 

Skin 

8 % 

Skin 

6 % 

Stomach 

6 % 

Rectum 

6 % 

Ovary 

5 % 

Ovary 

5 % 

Rectum 

4 % 


Lymphogranulomatosis Hodgkin. 


jancer correspond to those previously found m mortality statistics, 
ind suggest that these differences are real, although the cause is stil 
jbscure. The differences in the percentage of prostatic cancer might 
to some extent be attributed to differences in histol^ical traditions. 
This problem is the subject of special studies by Dr. H Starklint. 

The female cancers display a surprising similarity between tee 
two states, also with regard to the incidence of the two forms of ijterine 


c- c u chould be remembered that the 
cancer. In companng of nncertain site than the Ameri- 

Danish material shows fe . ^^ith due regard to the pos- 

can. It is to he hoped that corap population at risk can be 

sible differences m age J^tribu P j ^ ^jon offices of 

carried out in collaboration with the Cancer ueg 

New York State. 



In his work on heredity in breast cancer, Oluf Jacobsen found 
an uneven age distribution of mammary cancer. Table 52 gives the 
age distribution curves both of the mortality figures, computed by 
means of the death certificates alone, and of hospital cases alone, as 
well as of hospital cases supplemented with death certificates for 
patients never admitted in hospital. The latter group makes about 
12 per cent of the total. 

The most outstanding feature of the diagram is the decrease in 
incidence of breast cancer between the ages of 45 and 55, a feature 
which confirms Jacobsens observation as valid for the entire Danish 
material. We would suggest that the reason for this observation not 
being made earlier is that most materials are subdivided in age groups 
of ten years, and perhaps that age may previously have been less ac- 
curately stated. (Here the age for the onset of the disease is given as 
age at first admission in hospital. For death certificates age is given 
as age at death.) It is tempting to suppose that the decrease in in- 
cidence of breast cancer has some connection with the age for the 
cessation of the menstruation. 


^11 evident from the diagram that this material, ; 

k //^®^^^^®t^^^l/naterials bearing on cancer in a whole populatic 

treated'mivnM™^'''''''^ groups: hospital patients and cas 

P lately. However, this does not apply to the Danish materi 
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of specified uterine cancers, given in Table 51, of which more than 90 
per cent have been treated in hospitals. 

This diagram clearly explains why some countries must show an 
increasing percentage of corpus cancer. With the curve for cervical 
cancer showing a climax, an average aging of the population at risk 
must cause an increasing fraction of corpus cancer. 

Finally the author reported studies on the incidence of lung cancer, 
the mortality from which for males in Copenhagen has been tripled 
from 1931 to 1945. The figures for females showed a slight rise for 
the same period, and consequently the sex proportion had changed 
from 1 : 1 in 1931 to 3 males to 1 female in 1945. 

Analyses of the material from The Central Tuberculosis Station 
in Copenhagen showed that an unselected material of lung patients 
referred hy general practitioners, W'hich during the years 1935—1945 
had been examined with more or less the same diagnostic technique, 
exhibited a constant sex proportion of 1 female to about 8 male cases 
of lung cancer. There W'as no increase of lung cancer in males cor- 
responding to the rise in mortality figures either in constancy or in 
height. 
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DISCUSSION 

F. Henschen: Doktor Clemmesens Vortrag veranlasst mich, einen 
kurzen Bericht uher die Sterblichkeit an Karzinom in Stockholm 
wmhrend der letzten Jahre zu geben. Meine Angaben griinden sich 
einerseits auf die Zahlen der offentlichen Statistik der Stadt, aiiderer- 
seits auf das Sektionsmaterial des Karolinischen Instituts 1896—1939 
und des Krankenhauses St. Erik 1925 — 46. Die stark steigende Le- 
bensdauer der Bevolkerung und der grosse Uberschuss an Frauen, 
besonders in den hoheren Lebensaltern, beeinflussen in hohem Grade 
die absoluten Zahlen; es sind deshalb eigentlich nur die relativen 
Zahleh, die in diesem Zusammenhang von Interesse sind. 

Die Sterblichkeit an Karzinom, samtliche Formen, ist nach der 
offiziellen Statistik w'ahrend der letzten 40 Jahren stark gestiegen und 
zwar bei Miinnern von 9,8 bis 15,4 und bei Frauen von 14 bis 15,4 pro 
10,000 (Durchschnittszahlen von Fiinfjabresperioden) . Die beiden Ge- 
schlechter zeigen also jetzt dieselbe Mortalitat an Karzinom. 
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Die Slcrbliclikoit an Cancrr mammae slicg wiUvrcnd dicscr Pcriodc 
von 1.;> ln*i 2,«S. Die Stcrbliclikcit an Cancer ovarii ct 2 ilcri, die allcrdings 
nur wafirend dcr ief^^fen 20 ,!ahre regislriort worden isl, zeigle cine 
Steigernng a’oh .'J bis Die Slerblichkeit an Cancer prosialae sUeg 
wjihrend tierselbcn Periode von 1,1 bis 1,8, also lun cUva To %. Aucb 
in diesen ITdlen handeUe sicb uin Dnrcbscbniltszahlcn von Fiinfjnhrcs- 
perioden. 

Die Karrinome tics Diiicslinnsfamalii 7,cigen I'oigcndc, z. T. nbwei- 
eheiHin Verhrdlnisse: Die Slerblicbkcil an Mund-, Zungen-, Scblund- 
ttnd Speiserbbrenkrebs sank \vahrend der letzlen 10 Jalirc bci Miin- 
nern von 1,0 auf 1,5 pro 10.000. llei Franen bicit .sic sioh wiihrend der 
garnu-n Periode bei O.a. Die Slcrblichkeil der Miiniicr isl also bier 
dreim.'d so gniss wie die der I'raiien. Die Slcrblichkeil an Maffcnkrchs 
isl im Laufc tier letzlen 10 .lahre <1000 in sc.barfen Gegensalz 

zn der ilbrigon Kaneerinorlalilat. <leuntcb gesunken. und zwar bci 
Mrmnern von 5,0 bis 4.5 und bei Franen von 4,2 bis 5,4 ])ro 10,000 
( Durcbscbnillszahlen svie vorberl. Die Miinner sind durcb dicsen slar- 
ken Niedergang ibrer Sterbliebkcit tlen I'ranen niibor gckoinnicn: wiiJi- 
rend dcs lelzlen bisbor rcgistrierlen .labres (101.5) lagen die Zablcn 
<ler beidrn Gesrldirbler .so niedrig wie 4.0, bzw. 5,5. Die .absohile Zabl 
der 'rotjesfiille an .MagenUrebs lag znin erslen Mai bober bci Franen 
:ds bei .Mannern <120 I-' ratten, IDS Mittuter). was dtircb den .slarkcn 
1‘ram'tuibcrsebiiss bedingl isl. Das Sektionsinalerial dcs Knroliniseben 
Insliltils zeigl iit den .kabren 1800- ' 1050 ein Sinken dcs ]irozcnlucllcn 
,-\nleiis dcr JGirzinome jjn olieren 'Peii dcs Digcslionskajiaks (Lippen 
bis Pylorus mil einbegriffen ') von 57 anf 55% tier gcsainlen Karzi- 
ntnne. Der .Anleil der .M.agcnkrehse allein ging von 52 nuf 17 % 
ruck t'lelzlc Zilfer isl jed(*rh dnrch Znfall allzti niedrig). Abnlicbe 
Zablen erliicll ieb atis dettt Sektif»nsina(eri;il dcs Krankcnbansc.s St. 


Frik, wo die l>Tdlc v^ni Magonkrebs nit fiinf naebeinandcr folgcndcn 
Grnppen vun 5000 Seklionen bereebnel wiirdcn. In den erslen .lahrcn 
n.aeb 1025 biltielen sie 80 % aller Krebsfiille, alter in den lelzlcn 
dabren, einsehlicsslicb 1040. mtr 41 /<>. Die offiztcllc Slalislik dcr 
St.adl zeigl ein Sinken tier .Slerbliebkeil an Magonkrebs von clwa 45 % 
(1011-15) auf katint 2.5% {1011-15) dcr gcsamlcn Krcbsstcrblicb- 
keil, Int Gegensalz zuni .Magonkrebs weist der Dnrmkrcbs (Kolon iind 
Uektuni) cine niebl geringe Sleigerung auf, und zwar in der offizicl- 
len Slalislik von 1,4 bis 5,1 bci .Mannern und von 1,2 bis 2,4 bci 
l^r.'tuen, Itn Seklioiisinalt.'rjal des Karoliniseben Inslilulc slieg der An- 
teil dieser Kreitse von 8 auf Hi % aller Krebsc und iin Scklionsinalcria! 
des Krankenbatises St. Jirik von 20 bis 42 % dcr Krcbsfalle. Die of- 
fizielle Stalistik zeigle etne prozcnluellc Sleigerung von 11 % auf gul 
15 5V' der Tode.sffdle an Krebs. 

1% diirfle Iterecbligl sein, folgcnde Scbliissc zn ziehen; Die untcr- 
suchlen Formen von Krebs zeigen, mil Ausnalunc der Krebsc dcs obc- 
ren 'relics des Digesliottskanals, durcbgebend cine mebr odcr weniger 
slarkc Sleigerung der Morlaliltilsziffcrn, die indcssen vor allcm durcb 
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die Schnell steigende mittlere Lebensdauer und die verbesserte Diaenn 
shk zu erkliiren ist. Ob eine wirkliche Frequenzsteigerung in gewissen 
Fallen vorliegt, muss weiter untersucht werden. 

In scharfen Gegensatz dazu zeigt die Sterblichkeit an Karzinom im 
oberen Teil des Digestionskanals, einschliesslich Pylorus, und vor al- 
lem an Magenkarzinom, eine deutliche Verminderung, und zwar so- 
wohl in der offiziellen Statistik, als auch im Sektionsmaterial zweier 
Prosekturen. 

Die Ursache dieser Verminderung der Mortalitat an Magenkarzi- 
nom ist meiner Meinung nacli darin zu suchen, -dass die Grundkrank- 
heiten, auf deren Boden sich der Magenkrebs vor allem entwickelt, 
also in erster Linie die Gastritiden, weniger frequent geworden sind', 
was ich mit der erheblichen Verbesserung der sozial-hygienischen Ver- 
hiiltnisse wahrend der letzten 40 Jahre in Verbindung setzen mochte. 
Die Bevolkerung Stockholms ist sozusagen in eine hohere soziale Klas- 
se aufgestiegen. 

Es ist von Interesse, diese Stockholmer Verhaltnisse mit den von 
Cramer in Bayern und von Stevensen in England nachgewiesenen zu 
vergleichen. In diesen beiden Landern zeigte die Frequenz des Magen- 
krebses einen auffallenden Parallellismus mit dem Beruf und den so- 
zialen Standard; je hdher der Standard, um so weniger Magenkrebs, 
bzw. Krebs des oberen Teils des Digestionskanals. Unterhalb des Py- 
lorus bestand nach Stevensen kein deutlicher Unterschied in der Kan- 
cerfrequenz. In derselben Weise diirfte die starkere Senkung der Fre- 
quenz des Magenkrebses in Stockholm beim Mann als bei der Frau 
zu erklaren sein: das »Ventrikelmilieu« der Manner hat sich of- 
fenbar schneller verbessert als dasjenige der Frauen. ■ 


P. S. Nach dieser Aussprache ist eine Untersuchung von Clemmesen 
fiber »Cancer ventriculi in den verschiedenen Landern« zu meiner 
Kenntnis gekommen. Clemmesen konnte auch in Danemark einen ahn- 
lichen, scheinbaren Riickgang der Sterblichkeit an Magenkarzinom 
feststellen. Die Senkung der Frequenz war in Kobenhavn, wie in 
Stockholm, vie! deutlicher bei Mannern als bei Frauen. Die Zahlen 
waren ferner durchgehend am niedrigsten in Kobenhavn, hoher in 
den Provinzstadten und am hochslen in den Landdistrikten. Clemme- 
sen meint, dass sowohl diese auffallende deutliche allgem eine Sen- 
kung der Zahlen, als auch die grossen Unterschiede zwischen Koben- 
havn, Provinzstadten und Land, vor allem duch die fortschreitende 
Verbesserung der Diagnostik zu erklaren seien. Geographische Unter- 
schiede liessen sich jedoch nicht ausschliessen. In der Tat hatte man, 
seiner Meinung nach, Magenkrebs friiher allzu hiiufig diagnostiziert, 
vor allem auf dem Lande, wo die diagnostischen Hilfsmittel am ge- 

ringsten waren. , i * „„f 

Die danischen Zahlen stutzen sich, wie Clemmesen bemerkt aut 

Berichte der Krankenhauser und auf Todesattesten, welche ott Pa- 
tienten betreffen, die zu Hause starben. Die Stockholmer Zahlen ent- 
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slnmmen, vie angefuhrt, teils der otfcntlichen 

;n rnn<;pr Hinsicht mit dem danischen vergleichbar, teils auer aem 
Sektionsmaterial zweier Prosekturen, wo die verbesserte Diagnosti c 
keine Rolle spielen kann. Und wie soli man erklaren, dass der Magen- 
krebs allein sinkende Zablen zeigt, wabrend die Frequenz al er an- 
derer Krebsformen steigt? Aucb bei diesen maebt sicb ja die bessere 
Diagnostik merkbar. Und wesbalb sinkt die Frequenz des Magen- 
krebses scbneller beim Mann als bei der Frau? Icb bin aus diesen 
Griinden geneigt, die von Clemmesen gefundenen, an sicb sebr interes- 
santen Frequenzveranderungen und Frequenzuntersebiede eher durcb 
geograpbisebe und sozial-bygieniscbe Faktoren als durcb die verbes- 
serte Diagnostik zu erklaren. 


E. Ask-Upmaric: Concerning the decrease in the frequency of can- 
cer of the stomach in Stockholm as reported by Professor Henschen, 
one naturally wonders whether the cases of pernicious anemia might 
not play a role in this respect. Before the introduction of the specific 
treatment in this lesion the gastritis would take its usual course, and 
the disturbances in the mucous membrane were most likely favorable 
to the development of cancer, which in such cases was found to be 
strikingly common. After adoption of a rational therapy in pernicious 
anemia, presumably, the conditions for the development of cancer of 
the stomach are no longer the same as before. 


J. Clemmesen: The results reported by Professor Henschen are 
particularly interesting because cancer of the uterus as well as cancer 
of the breast is increasing in frequency. Most often cancer of the 
uterus increases with the fertility, Avhile the incidence of cancer of 
the breast decreases. 

Even though social conditions might play a decisive role in the 
decrease of cancer of the stomach, this could hardly be the reason why 
Great Britain showed a lower mortality for this disease than Switzer- 
land and Denmark. 


As to the value of autopsy statistics, the autopsy percentages for 
arfollow^™^ in 1943—44 were 


Cancer of the stomach 14 % 

» » » prostate 24 % 

» » » lung 47 % 

» » » oesophagus 25 % 

» » breast 18 % 

» » » cervix & uterus 30 % 

lion r™ u,e i" 0 popula- 

Acta path. Vol. XXV, 1—2 


3 



FROM THE PATHOLOGICAL INSTITUTE, LUND, (CHIEF: PROFESSOJ) 

C. G. AHLSTROM). LbSOR 


COMPARISON OF THE EPIDERMAL HYPERPLASIA IN 
THE SKIN OF MICE AFTER APPLICATION OF 
CARCINOGENIC AND NONCARCINOGENIG 
IRRITANTS 

By N. 0. Derg. 

In the previous lecture by Ahlstrom and Berg it was emphasized 
that the cytoplasm of the epidermal cells of. mice after application 
of benzpyrene in a 0.5 % solution to begin with presented diffuse 
fluorescence which, from 24 to 48 hours after application, perinuclearly 
was distinctly stronger. This accumulation of benxpyrene or of a 
fluorescent derivative of it was due to an increase and perinuclear 
accumulation of cytoplasmic structures rich in lipoids, especially 
mitochondrias. The reaction was regularly observed on the skin of 
the back of mice, but neither on their feet, tails and ears, these 
regions all being less sensitive to the tumour-producing effect of the 
carcinogenic hydrocarbons. It was likewise distinct in rabbits after 
application of tar and 9-10-dimethyl-l-2-benzanthracenes, but it could 
not be elicited in rats or guinea-pigs. 

The question now arose whether this skin reaetion merely was a 
sign of hyperplasia of the epithelial cells per se or whether it was 
specific of the carcinogenic hydrocarbons (I). As the reaction sub- 
sequently proved not to he specific, it remained to be examined whether 
the skin reaction to benzpyrene showed any special characteristics in 
other respects or not (II). 


I. Is the power of perinuclear accumulation of benzpyrene specific 
of the hyperplasia which is occasioned by the action of carcinogenic 

hydrocarbons? 

A series of mice (strain Dobrovalskaia-Zawadskaja from the Uni- 
versity Institute for Human Genetics, Copenhagen) was exposed to dif- 
ferent skin irritants applied on clipped areas on the back of the ani- 
mals. During the subsequent days a couple of mice were killed every 
day or every other day. Some minutes before the areas were brushed 
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^^1th a 0.5 % n in lipoid-containing 

rapidly penetrated into the ski P fiuorochrome and m- 

cell structures. The "Jl^sue 

dicated the distribution of lipoids m ^ cantliaridin, 

The follo^ving skin in-itf^-^^TUl 1; mXnica trauma, 
trichloracetic acid, and croton oil as well as median 


Results- In the fluorescence microscope the normal skin epi 
Ihellm impregnated rvilh Bp appears in 

cells are small, the cell nuclei, appearing as non-fluorescent dan 



Fig. 1. 

Fluorescence of epidermis 3 days after a single application of benzpyrene. 

spots, are small too, and the cytoplasm shows diffuse fluorescence. 
Fig. 1 shows the mouse skin as it appears 2 — 4 days after the ap- 
plication of a carcinogenic hydrocarbon such as Bp; The nuclear 
spaces are larger and encircled by strongly fluorescent rings in -which 
there are sometimes seen granules. Outside those rings there is a 
zone with weaker fluorescence, and in the periphery the cell bound- 
aries often are strongly fluorescent. 

After brushing with undiluted turpentine a similar picture (Fig. 
2) IS seen during the first two days. After the lapse of three days 
lowever, the perinuclear fluorescence has decreased considerably — 
and so has the size of cells and cell nuclei. 

During wound-healing, epidermal hyperplasia is seen both in the 
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0 days after UiVscarTtiTu™ of tL'skta fher?arTsi'en°disi- ‘"t™- *" 
round tke nuclei in the iarge ceiis of the l^Ve^^^srSn 



Fig. 2. 

Fluorescence one day after application of turpentine. 


Substances, which destroy the skin epithelium, such as cantharidin 
in a 0.5 % solution, and trichloracetic acid in a 10 % solution in 
acetone may give a similar picture. Application of these solutions 
gives complete destruction of the epithelium. After the lapse of from 
4 to 6 days, however, a regeneration of the epithelium ensues from 
the hair follicles and from the skin epithelium surrounding the treated 
area. After a week the greater part of the area is covered by a high 
epithelium which shows large cells with pronounced condensation 
of the fluorochrome around the nuclei (Fig. 3). 

A 0.5 % solution of croton oil brings about a corresponding picture. 
Here the epithelial injury is slight, however, and the hyperplasia ap- 
pears already during the first 24 hours. At the same time weak fluo- 
rescent rings appear around the nuclei. These rings increase in density 
during the subsequent two days, being most pronounced after 3 — 5 
days. 

As in the previous examinations there was a close parallel between 
the amount of mitochondria and the strength of the perinuclear con- 
densation of Bp: a pronounced perinuclear condensation was always 
associated with numerous mitochondria. As is evident from Fig. 4, 
they were accumulated around the nuclear membrane, often somewhat 
asymmetrically, sometimes in polar arrangement around the elongated 
basal nuclei. I have not seen any perinuclear condensation or increase 
of mitochondria in the epithelium not presenting hyperplasia. 

Summing up this part of the investigation has shown that a peri- 
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Fif/. 

riuorescence 7 days after application of raiitliaridiii (0,0% solution in 
acotonci. a) straUiin sjnnosnni. !>) stratum basalc. 


nuclear accuniulalion of lipoid and an increase of tnilocltondria ensues 
(luring Hie devclopmcnl of any epidermal hyperplasia regardless of 
its being caused by carcinogenic or unspecific irritants. This result 
agrees with the result of the jircvious investigations: the rcadion ap- 
peared only in those animals and within those areas, where the car- 
cinogenic substances gave rise to epithelial hyperplasia. If the epithelial 
hyperplasia fails to appear, there docs not either appear any mito- 
chondria reaction. 
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II. Has the epithelial hyperplasia appearing after application of 

earcinogenic hydrocarbons any specific characteristics or not? 

The majority of investigators, particularly Pullinger, Cowdry and 
co-workers as well as Glucksmann, have emphasized that certain 
features were characteristic or possibly specific of the carcinogenic 
hj'perplasias on the whole, namely, 

(1) The discrepancy between the slight initial cell lesion and the 
strong hyperplasia. 

(2) Disturbances of mitosis during the first 24 hours. 

(3) The great increase of the volume of the cells as well as the 
cell neclei. 

^ The aim of my investigation is in that respect to compare the 
epithelial hyperplasia after application of benzpyrene with the hyper- 
plasia produced by application of the above-named irritants. 

The degree of the primary cell lesion and the relation to the sub- 
sequent regenerative hyperplasia in the epithelium will merely be 
mentioned. Certain differences were already referred to. After ap- 
plication of cantharidin and trichloracetic acid, which give rise to 
severe cell lesions with necrosis, the hyperplasia does not develop be- 
fore 5 or 7 days have elapsed. The difference in the mode of develop- 
ment of the epithelial hyperplasia here is obvious. After application 
of turpentine or diluted croton oil the epithelial lesion is quite in- 
significant, and the hj'perplasia appears already during the first days. 
Here the deviation from the effect of the application of benzpyrene is 
less pronounced. Even in this case the primary cell lesion is slight, 
whereas the epithelial hyperplasia appears somewhat later, namely, 
after 2 — 4 days. 


Analysis of the mitoses. 

In case of turpentine hyperplasia Glucksmann has observed several 
mitoses, whereas Mottram has seen such in case of croton oil hyper- 
plasia. Moreover, all authors are agreed as to the carcinogenic hydro- 
carbons causing an increase of mitoses after the third day, opinions 
differing, however, with regard to the first days. Pullinger as well as 
Hamperl, Graffi and Danger and others opine that a disturbance of 
mitosis ensues, with few or no mitoses, whereas Glucksmann thinks 
that the number of mitoses increases already during the first days. 
Glucksmann has performed very careful mitosis counts in mice after 
Bp application to the skin of the back. He, however, has included all 
the stages of mitosis from prophase to telephase, whereas other 
researchers more or less clearly declare that it is the number of 
metaphases which is responsible for their judgment. 

I myself have counted a great number of mitoses from the earlier 
stages of turpentine, croton oil and Bp hyperplasia. The mitoses were 
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Fig. 4. 

Increase of mitochondria 7 days after application of cantharidin. 
Mitochondrial staining according to Regaud. 




40 


^ ^ f — which IS again divided into monaster and diaster stages — 
and telephase mitoses. Fig. 5 shows the percentual distribution of the 
different mitotic stages within the area of hyperplastic epithelium It 
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Fig. 5. 

Percentual distribution of the mitotic phases. 


is evident that there is a disturbance of mitosis in the Bp hyperplasia. 
This probably is due to an obstruction at the transition to the meta- 
phase. 

The figures for the prophase and telephase mitoses unfortunately 
are not absolutely reliable, because there are a good manj' degenerated 
pyknotic nuclei, which lay in pairs or singly in the epithelium, and 
they were very difficult to distinguish from dense spireme stages in 
pro- and telephase. In order somewhat to find out what this cource of 
error may signify, I have recorded in Fig. 6 the number of mitoses 

MITOTEJ TVRPEM- 

PER UNIT tine 



Fig. 6. 

Number of mitoses per unit of area. 
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remaining stages bp clear “ “r mitoses are 

how rare the metaphase stages, i.c. the peiie y u„:n„ 

durina the first days of Bp treatment, those which do occui often be g 
atypical. After the lapse of from three to four days, howcvei, numerous 
metaphase mitoses are seen. Their number is o le same ra 
magnitude as that which is already found during the first 24 1 
of turpentine and croton oil hyperplasia. This difference may explain 
why the hyperplasia provoked by these irritants appears more rapidly 

than the Bp hyperplasia. , . 

Thus, if a considerable addition of cells through indirect cell di- 
vision does not occur in the early stages of Bp hyperplasia, the question 


arises how this hyperplasia can come about. There are several pos- 
sibilities, namely, a certain addition probably is brought about by 
direct cell division — that is substantiated by very suggestive pictures 
with two or more nuclei in one cell. Further, a great many cells may be 
displaced to the surface epithelium from the hair follicles just as in 
wound-healing. However, of the greatest importance must be the 
pronounced increase of size both of cells and nuclei. ■ ■ 


Analysis of the increase of volume of cell nuclei in different forms of 

epithelial hyperplasia. 

A considerable increase of the volume of cells and cell nuclei was 
emphasized by Orr, Page, Pullingcr, and others, as being characteristic 
of the epithelial hyperplasia after application of carcinogenic hydro- 
carbons. The determination of the cell volume meets with great dif- 
ficulties, whereas the size of the nuclei can be measured and calculated 
with fairly great accuracy. The measuring of the size of the nuclei 
direcUy or indirectly even affords a certain idea of the size of the cell. 

Fig. 7 show's the mean value for the nuclear size in different layers 
of cells in different forms of epidermal hyperplasia, the relative figures 
of size for the cell nuclei being recorded on the Y-axis, and the cell 
layer from the basal layer and upward on the X-axis. As in seen, all 
the hyperplasia present a marked increase of the size of the nuclei as 
compared with normal skin of back. With cantharidin the same inax- 

l" ver’s Tim o"^ '' ''' hyperplasia, at least in certain cell 

Bp hypIplasS!'"'"''''^ of 

it ifl! m ^'‘•otta, Cowdry and Lischer emphasize that 

characleny^'‘";Vp"L’p"t;,t:ir' 
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rDEEvn lEEiyvH 


I n n E layers 

OF CELLS. 


Fig. 7. 

Moan value for sizes of nuclei in different layers of cells. 


Fig. 8 representents showing the dispersion of the size of nucleus 
in different forms of hyperplasia. Each histogram comprises the nuclei 
within a couple of adjacent cell layers. Without too distinct a devia- 
tion from the hyperplasia in wound-healing and cantharidin treat- 
ment the Bp hyperplasia yet presents the greatest dispersion, which is 
above all indicated by the size classes 7 — 10 being amply represented. 



Fig. 8. 

Dispersion of the nuclear sizes in stratum spmosum. 
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Nuclei of this range of size are only met Bicscle 

in other forms of hyperplasia than certain 

by examinations of the associated ^vith 

8 ). 


Discussion. 


The examination which I have accounted for comprises two phases. 
One of them was to find out wheUicr the increase of mitochondria was 

characteristic of the Bp hyperplasia or not. 

As regards this question the reaction was found to he the same 
in unspecific and Bp hyperplasia. We therefore have regarded the re- 
action as an expression of the increased synthesis of cell constituents 
which takes place in the rapidly growing cells. The circumstance that 
this accumulation of lipoids takes place pcrinuclcarly, namely, in the 
very zone to which the synthesis of cytoplasm protein according to 
Caspersson and co-workers’ investigations is localized, in my opinion 
seems to suggest that different lipoids may play a part in this syn- 


thesis. 

It is thinkable that this reaction is connected with the co-carcino- 
genic action of the majority of the examined skin irritants. The peri- 
nuclear increase of lipoids affords the possibility of accumulation of 
the carcinogenic substances in the very zone which is of so great a 
metabolic importance and thus creates favorable conditions for the 
action of tlie carcinogenic suhstanccs. Tliis is a hypothetic possibility, 
however, and it is just as reasonable to think that Mottram is right in 
attributing the co-carcinogenic action of croton oil and cantharidin to 
the great abundance of mitoses which distinguishes the hyperplasias 
caused by these substances. 


Moreover, the co-carcinogenic effect may, perhaps, be explained 
in another way: it need not at all be related to the epithelial reaction, 
but it may be due to changes produced in the subcutis (Linell). 

The aim of phase II of this investigation was to throw’ some light 
on the characteristics which distinguish the Bp hyperplasia from other 
torms of skin hyperplasia. Thereby, certain features, which are 
characteristic of the Bp hyperplasia, have become more conspicuous. 
A summary of my results as compared with those reported by previous 
mvest, gators affords the fotlotving picture of care nogenic epithdh 
^■perp as,a: The influence of henapyrene on the skin epithelium is 
charactenzed by a strong grorvth stimulation of the epithelial cells 
'vtlhout any more pronounced primary ceil injury. Durin7the ttau 
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and particularly during the second day the stimulation manifests it 
self by a marked increase of size of the single cells, the cell nuclei 
and the cell organoids, whereas the indirect cell division is disturbed’ 
Subsequently ensues a lively indirect cell division, whereas the in- 
crease of size of the cells and the cell nuclei persists. This increase 
of size varies in one and the same cell layer, whence the size of the 
nuclei presents strong disparity. Epithelial hyperplasia caused by un- 
specific skin irritants does sometimes present a similar picture, but 
the course of reaction is different, and in my opinion that indicates 
a certain degree of specificity. It is not the single morphological details 
but the course of the reaction on the whole, which seems to be 
decisive. 


Summary. 

1) A perinuclear accumulation of lipoid-containing cytoplasm 
structures appearing in the epithelial cells during the development of 
an epidermal hyperplasia has been studied in the fluorescence micro- 
scope. This reaction ensues in the hyperplasia regardless of its being 
caused by carcinogenic or unspecific irritants (turpentine, croton oil, 
cantharidin, etc.). An increase and perinuclear condensation of mito- 
chondria are always associated with this reaction. 

2) During the development of benzpyrene hyperplasia the epithelial 
cells show a disturbance of mitoses, probably due to an obstruction 
at the transition to the metaphase stage. This disturbance is not seen 
in unspecific hyperplasia. 

3) A marked increase of size of the cell nuclei is observed in every 
hyperplasia but a greater variation of size may be characteristic of 
carcinogenic hyperplasia. 

4) The bearing of perinuclear accumulation of lipoid cell consti- 
tuents on the mechanism of the co-carcinogenic action of unspecific 
skin irritants and on the protein synthesis of the cells is discussed. 


REFERENCES. 

Ahlstrom C. G. <& Berg N. 0.: Nord. med. 32, 2823, 1946. 

— Acta path, et microbiol. Scandinav. 24, 283, 1947. 

Biesele, John J.: Cancer Research. 4, 737, 1944. 

Glilcksmann, A.: Cancer Research. 5, 385, iqq iq 4 S 

Hamverl, H., Graffi, A. cfc Langer, E.: Zsehr. f. K^ebs orsch 53 , 133, 1943. 
Linell F.: Acta path, et microbiol. Scandinav. Supplement. LXXI. 
Mottr’am, J. C.: J. Path, and Bact. 56, 391, 1944. 

PdOB J? C-..* Arcli. Pfl-tli. 800, 1938. i j qko iQil 

p JemF X., Cowdry, E. V. 

Pullinger, B. D.: J. Path, and Bact. SO, 463, 1940. 


NO DISCUSSION 



from the anatomical ^^^inV^^j^foiuCAL^lMSTnUTEfCmE^ 

OF THE university OFHEL^^ 


ON COLCHICINE TESTS FOR THE PURPOSE OF 
ASCERTAINING CELL DIVISION AND REGENERATIVE 
CONDITIONS IN THE LIVER OF THE RAT 

By Harald Tctr. 


(Included in a series of papers on the growtli and regeneration of cells 
partly published in co-operation with Kaarlo Kylloncn, M. B. The i eraairiing 
articles will also be published in Acta Pathologica et Microbiologica Scandi- 
navica). 


The tissue of the liver belongs to the organs of the mammal body 
which, during the entire lifetime, maintain a high power of regenera- 
tion. As to the liver of the rat. Coined (1883) removed large parts of 
the organ, but the removed liver tissue was soon replaced' by new, fully 
functioning tissue, this fact being confirmed by v. Podwijssozki some 
years later, v. Master (1891) removed 7/8 of the liver of a rat, and 
from the remaining part regenerated fully functioning tissue to such 
an extent that the w'eight of the organ reached normal values. 

It is a well-knowm fact that, as a rule, mitoses are not found in 
the normal liver of the adult mammal although the organ maintains 
a high pow'er of regeneration even in old individuals, a fact latest 
proved by the Americans Norris, Blacbard and Povolmj (1942) in 
partial hepatectomy on rats of different age. 

In liver tissue injured by various parenchyme poisons such as 


phosphorus, arsenic and chloroform, as also in parenchymal injuries 
caused by ligation of branches of the hepatic artery, of some large 
biliary duct, or of branches of vena portae, mitoses have been found, 
and regeneration processes in this area have been studied. The most 
usual object for such investigations was perhaps the latter stages of 
acute yellow atrophy. 

^yhile the epithelium of the intrahepatic biliary ducts was earlier 
considered mainly responsible for the tissue reproduction of the liver 
the opinion that the new liver cells arise out of old, and that the 
e^thelium of the biliary ducts does not change into secernent liver 

of hP S ^ ^ accepted. Tins opinion of the development 

er corresponds with that principally represented by Hammar 
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(1926) according to which the liver cells and the intrahepatic biliarv 
ducts develop as different systems. 

The karyoclastic poisons have furnished new possibilities for ex- 
amining the capacity of cell division and regeneration of various or- 
gans. For some years I have been making such studies of the liver of 
the rat. 

In the white rat mitoses are not found in the liver of adult in- 
dividuals. In order to find out when mitoses cease to occur, I in- 


vestigated first the frequency of mitoses in rats of various age, 52 
experimental animals being divided into 15 different age-groups 
comprising new-born, 1, 2, 3, 4, 5, 6, and 8 weeks old and 3, 4, 5, 6, 
7, 8 and 11 months old animals, of which 4 — 6 rats representing the 
younger and 2 — 3 animals the older age-groups. 

The experimental animals were all of the same origin. They were 
similarly fed, and decapitated at the same time of the day. With the 
aid of binocular 10. and objective 40 I counted, in 150 fields of vision 
pro animal, the number of mitoses in the Susa-fixed preparations 
stained with Haidenhain’s iron hematoxylin, determining the average 
number of mitoses of the various age-groups. The result appears from 
picture 1. 



Picture i. 

Frequency of mitoses in normal rats. 


In the new-born rats the mitotic count was 62, and thus rather 
lar«e The ditterently marked parts of the pillars indicate the number 
of different mitotic stages, prophases, metaphases, anaphases telo- 

Joind Hotever: ta one of the oldest rats. It months of age, one 

the biliary duets does not, however. 
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Therefore, I examined section senes 

appear from this investigation Ther 

rionglludinally split taliaiy , s in Ihe liver cells. 

uterine monlli, about ‘’J.' ®™'' classes eslablished by Jacobj 

, found tire tlrree tb er^ age of 4 

S! "ra "berlitoses were still observed in the organ. 

I noticed no certain amitoses. 
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I wish to draiY special attention to the sizes of the mitoses. At 
the top of picture 2 can be found the sizes of mitoses in new-born rats. 
The size of 50 prometaphases, chosen at random, and cut in series, 
was determined. The diameters were fairly uniform, varying between 
9 and 13 p. 

In the one-w^eek rats there are alreadj' considerably larger mitotic 
sizes, most of them ranging about 16—19 p, as appears from the middle 
diagram. As I have already proved with regard to the outer orbital 
gland of the rat {Teir 1944), conclusion can be drawm from the fre- 
quency maxima in the mitotic sizes that the mitoses of the cells belong 
to different nuclear classes. 


The mitoses in the epithelium of the biliary ducts wmre small and 

of equal size. The diameters varied between 8 u and 12 u (cf fie 
6, a). V . &■ 


I shall give an account of three test series of the performed col- 
chicine experiments. 

The first comprised 19 white rats of 10 months. The length of 
the hfe of a rat is about 2—3 years, these rats thus being middle-aged 
As I have previously found the lethal colchicine dosis for my rats to be 
u.-i— U.8 mg, I injected subcutaneously a sublethal dosis of 0.2 mg, the 
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of 0.1 mg colchicine per 100 gr bodv ‘ 

xfJ: 

The result appears from picture 3. The abscissa indicates the time 
of influence of the colchicine in days, and the ordinate the number 
o mitoses. The black triangles correspond to the distribution of the " 
experimental animals. The white pillars indicate the number of certain 
colchicine mitoses with a light plasma and stumpy short chromosomes 
either scattered m the plasma, or collected in larger or smaller clumps. 
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TIME OF IKFLUEHCC OF THE COIXHICIME IH DAYS 

Picture 3. 

Frequency of mitoses after colchicine application. 


As appears from the picture, the effect of colchicine is fairly small. 
Only two distinct colchicine mitoses were observed one and two days 
respectively after the treatment. After two days a small number of 
ordinary mitoses with slim prophase chromosomes were further no- 
ticed which were not blocked in metaphase (cf. fig. 6, b), as both 
anaphases and telephases were observed. The reason for the appearance 
of ordinary mitoses might be the same as in parenchymal injuries 
caused by phosphorus and arsenic, thus directly regenerative, par- 
ticularly as I observed in these experimental animals a more or less 
marked parenchymal degeneration in the liver. The result of this ex- 
perimental series corresponds, as a whole, with earlier investigations 
according to w^hich liver cells are fairly colchicine resistant. A further 
increased mitotic frequency I established when the colchicine was 
applied in a light ether anesthesia, and biopsy specimen of the liver 
taken after chloroform anesthesia of a duration of IVz — 2 minutes. 

The first test series with colchicine and narcotica comprised 50 
white rats of 8 months, of which 23 received 0.2 mg and 27 0.4 mg 
colchicine subcutaneously. 11 out of the experimental animals which 
received the larger dosis died during the course of the experiment. 
The rats were decapitated in groups of 2 — 4 animals y 2 , IV 2 , 2, 3, 4, 5, 
6, 7, 8 and 9 days after the colchicine treatment. 

The result of this experiment appears from picture 4. There are 
more colchicine mitoses than in the former test series although they 
are still fairly sparse. The period between % and 11/2 days shows the 
greatest number of mitoses. There is, at the same time, often a con- 
siderable amount of ordinary mitoses which is not surprising, seeing 
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that both the narcotica and the colchicine have a toxic influence on 

c^Mcine mitoses make eerlain observations on tbe mitotic 

division of the liver cells ^ f fjg 6 c and d). Fig. 2 

The mitoses are often of a striking size ( b „ifi 

•she™ how a majority ot the mitotic diameters m 8 months oid cot 



Picture -5. 

Frequency of mitoses after colchicine application with narcotica. 


chieine treated rats form a frequency maximum at 21 — 24 |.i. In serial 
sections of a thickness of 5 g of such mitose I counted as inanj' as 90 
chromosomes. As the diploid number of chromosomes of the rat is 42, 
it is probably here a question of octoploid cells and probably of cells 
of the third nuclear class. It remains accordingly a considerable, de- 
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Picture 6. 

a = a mitosis in the normal epithelium of a biliary duct in a 2 weeks old 
rat; b = a prophase with slim cln-omosomes in a 10 months old colchicine 
rat; c and d = typical large colchicine mitoses in 8 months old rats. — All 
pictui’es enlarged 1000 X. Susa-Heidenhain's iron hematoxylin. 

Picture 5 shows at the top the mitotic sizes in the epithelium of the 
biliary ducts in normal 1 week old animals. There is a frequency 
maximum at 10 — 13 p. 

The lower picture illustrates the mitotic sizes in the epithelium of 
the biliary ducts in 8 months old colchicine treated rats, and the sizes 
correspond well with those of the normal mitoses. 

Mitoses are fairly often found in the periportal and perivascular 
connective tissues of colchicine animals. Cavallero (1939 40) who, 
with the aid of colchicine, examined cirrhoses produced by carbon 
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tetrachloride found the Kupffer cells to be the origin of the connective 
I" experiments these cells appeared to be 

^^1;:t^:::?“ntal senes 12 2 months old rats rece^ 
0 2 mg colchicine subcutaneously in aether anesthesia, this dosis cor 
responding, on an average, to 0,15 mg of the poison pro 100 gr body 
weight. At the age of 2 months the rat is sexually mature even though 
the physical development is stilt not quite finished. The biopsy spe- 
cimens were taken in chloroform anesthesia 5,8, 12, 18 hours and 2, 4, 
5 and 7 days after the treatment. Already after 5 hours a strong 
reaction was observed, the chromatinc appearing distinctly concen- 
trated, and the nuclei being uneven with ragged contours. A small 
number of typical colchicine mitoses were observed after 18 hours. 
After an interval of 18 hours almost every nucleus seemed pycnotic. 
After one week there were still signs of parenchymal degeneration, 
the number of the ordinarj' mitoses being determined at 7. 

From these experiments it appears that the liver cells of the white 
rat do not loose their power of mitotic division even though, to some 
extent, it decreases with increasing age. Particularly the large cells 
are prepared for mitosis, a circumstance which well corresponds with 
a fact frequently stressed, viz. that remarkablj’^ large cells arc found 
in liver tissue. 

The epithelium of the intrahepatic biliary ducts docs evidently not 
possess an equally high power of mitotic division as the liver cells. 
By determining the mitotic sizes one may obtain an approximate idea 
of the origin of the new-formed liver tissue. 

It is evident that the liver cells on the one hand and the epithelium 
of the biliary ducts on the other, regenerate separately without fusing. 
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DISCUSSION 

R- FAhr/eus: The interesting paper of Teir T tlitni- 
question as to whether it be lustiLhh^ rL suggests tl: 

mitotic figures to concindo f ^ ^ increased number ( 

increased. Indeed, one miBht 1>I 

slowing-down of the mitoses. ^ imagine that it signifies 
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I performed in this institute in iLq f expenment which 

Of me ,ro«,m of MVoCo;coWe TjT ■"" ™'' 
treatment with colchicine. ' ^ mitosis under 

males of a uniform strain of white mice were divided after 
heir age into 7 groups, each comprising at least 15 fusnnllv am 
mals .ith no age difference excLinI 14 Sys' F™ " el "g’rou"; 
the 5 animals were picked out w^hich in body weight came nearesi 
the medium weight for the group. All the selected animals were gTven 

weight, subcutaneously, and de- 
capitated 9 hours later. The adrenals were fixed in 20 % formalin 
for 3 hours, embedded in paraffin, cut in sections of 5 g, and stained 
wi h Harris hematoxylin. Every fifth section wms projected on a 
screen at a certain magnification, and the volume for the cortex was 
calculated after Hammar. In one section, near the center of the cortex, 
the density of cells was counted as well as the number of mitotic 
figures. The absolute number of cortical cells per adrenal was cal- 
culated from the values for volume and density of cells (with cor- 
rections for thickness of sections, etc., according to Carlson et. ai, 
Upsala Lakareforen. forh. Ny foljd i3, 49, 1937). 

The result is e%ddent from Fig. 1, in which the upper full-line 
curve signifies the number of cortical cells (= the medium of 2 



Fig. h 
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adrenals = 1 animal). The lower broken curve (-----) is <>cnvcd 
from the upper, i. e., calculated rate of addition a.s function of the 
ago. The lower full-line curve ( ) signifies the empirical fre- 

quency of mitosis as a function of the age (x - mcdiuin of aclicna . 
= 1 animal). As will be noticed, with the scale here adopted the two 


lower curves Uirn out fairly identical. 

So in male mice under colchicine ircalment the frcqiiencij of mitostn 
in the adrenal eortex is largely proportional to the rate of growth. 
From this it certainly is not cvidcnl whether colchicine promotes the 
appearance of more mitoses than normally, or merely jirolongs the 
course of each mitosis. But, on the other hand, the cxjierimcnl shows 
that the frequency of mitoses under treatment with colchicine really 


may serve as a measurement for the rale of growth — something that 
was assumed ])reviously without really being corroborated experi- 
mentally. 


H. Teir: The mitotic time of the .somatic cells of the mammals is 
estimated at about 30 miniile.s. TJic milolic division of large cells 
probably requires more lime. The mitotic time of the colchicine mitoses 
which arc blocked in metaphase, is considerably longer, a fact which 
is apt to increase the mimhcr of mitoses. As aiijiears from fig. 1. how- 
ever, mitoses arc not found in the liver of adult rats. Therefore, the 
presence of mitoses after colchicine Irealmcnl of S to 10 inonlhs 
old animals shows that the colchicine both here and — as I found 
also to be the case — in the outer orbital gland of the rat, stimulole.<; 
the cell to milolic division even though the cell is lalcr blocked in 
metaphase. In such a case as this the cells which have maintained 
their power of milolic division, naturally react. Of course the number 
of colchicine mitoses of different cells in a tissue cannot be direcllv 
compared with the number of mitoses in normal tissue, but it indicates 
primarily the degree of the mitotic preimredncss of the cells in quest- 

these'’celir regeneralion jmwer of 



THE RELATION OF THE SYNTHESIS OF HEMOGLOBIN 
TO THE CELLULAR GROWTH DURING NORMAL 
AND CERTAIN PATHOLOGICAL CONDITIONS 

By B. Thorell. 

To maintain a constant number of red blood cells in the blood 
stream a considerable production in the blood-forming tissue is neces- 
sary; in the adult man c. 100 mill, erythrocytes are formed per minute. 
As 33 % of the erythrocytes consist of hemoglobin, the continous 
formation of hemoglobin can be calculated to be several milligrams 
per minute. 

In principle the formation of hemoglobin-containing blood cells 
takes place from a relatively small and constant number of stem 
cells, which produce a large number of mature blood cells by means 
of division and maturation through morphologically characteristic 
stages. The formation of mature blood cells from the stem cells in 
the bone marrow involves the two fundamental processes of cell 
renewal, partly growth by increase in size and division and partly dif- 
ferentiation into a functionally specialized tissue cell. 

In the present investigation the question of the relation of the 
growth processes to the specific cell-differentiation processes is at- 
tacked with the help of quantitative ultramicrochemical methods of 
analysis. With these methods it is possible to investigate the processes 
within the single cell which are associated with 1) cellular growth, 
defined as the new formation of the fundamental constituents of the 
cell, and 2) differentiation, defined as the formation of the cellular 
substances which make it possible for the cell to perform its specific 
function. 

Ad /. The synthesis of the fundamental constituents of the cell, 
as for example the cytoplasmic proteins, during intensive growth oc- 
curs in the presence of high concentrations of ribose nucleic acids. 
(Caspersson and co-workers 1939— 1945) *) ■ The nucleic acids have 
a high selective light-absorption in the ultraviolet spectral range at 
2600 A This makes it possible to estimate directly the quantity and 
distribution of nucleic acids in a living cell by micro-spectrophoto- 

‘) For references, see Thorell, Acta Med. Scand., Suppl. CC, 1947. 



metrical analjsis. The resulU of such analyses ■''' ' 
srowing cell develops a special organization foi its nutlcic ac (I 
Ltabolism, in ^vllicll the nucleolus, the nuclear nicinbrane and tl c 
cytoplasmic ribose nucleic acids arc essential parts. I Inis, an intcnscb 
growing, protein-forming cell is characterized b\ a 
nucleic acid-containing nucleolar mass, a large nucleus with a well- 
developed nuclear membrane and high concentrations of ribose nucleic 


acids in the cytoplasm. 

This is the situation also during crytliropoicsis. In the immature 
stem-cell high concentrations (> 5 %) of cytoplasmic ribose nucleic 
acids can be demonstrated. The nucleolar apparatus contains con- 


siderable amounts of ribose nucleic acid. 

During later phases of development, however, the concentration 
of cytoplasmic nucleic acids decreases rapidly; already in the stage 


CYTOPLASMIC NUMBER OF CELLS 



time. 
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which morphologically is called »polychromatic« the nucleic acid con- 
centration can no longer he measured. The ribose nucleic acid-con- 
taming organelles of the nucleus have also disappeared. 

These cytochemical data, along with the quantitative cytology of 
the bone marrow, can be correlated with the intensity of formation of 
cellular substances during erythropoiesis. The high concentrations of 
cytoplasmic nucleic acids in the earlier developmental stages cor- 
respond to the relatively greatest increase in cellular mass (see fig. 1). 

From a quantitative point of view, both the micro-spectrophoto- 
metrical and the cytological analyses permit of the conclusion that the 
intensity of growth during erythropoiesis is proportional to the amount 
of nucleolar substance and to the concentration of cytoplasmic ribose 
nucleic acid. From this, there follows an alternative possibility of 
determining the growth conditions of an individual erythropoietical 
cell by analysis of the distribution and concentration of the ribose 
nucleic acids in the cell. 

Ad 2. From the functional point of view the processes of dif- 
ferentiation during the formation of the red blood cells are character- 
ized principally by the formation of hemoglobin. If the hemoglobin 
content within each individual cell is measured during the different 
developmental phases in erythropoiesis, a measure is obtained of the 
degree of differentiation of the respective types of cells, expressed in 
a quantitative cytochemical unit. 

Tlie light absorption of hemoglobin affords good possibilities for 
micro-spectrophotometrical estimation of the hemoglobin content in 
a single cell. At the Soret-hand (4100 A) the decadic extinction coef- 
ficient of hemoglobin is about 10^ This gives, in a layer corresponding 
to the thickness of a cell and in the range of concentration from 
0,5 % to 33 % hemoglobin, a measurable diminution in the intensity 
of light (5 % < I< 95 %). 

The principle of the cytochemical hemoglobin analysis lies in the 
photoelectrical measurement of the intensity of light in a microscope- 
optically enlarged image of the cell which is projected on a photocell 
aperture. The diameter of the photocell aperture corresponds to an 
area in the cell of 0.2 y? (fig. 2). By this arrangement the distribution 
of light-absorbing substances within the cellular structures can be 
determined with fairly great accuracy. Owing to the fact that the 
living cell is almost optically empty in the visible spectral range, the 
light absorption of the cell at the Soret-hand is dominated by the ab- 
sorption of the hemoglobin. This makes it possible to calculate the 
total amount of hemoglobin from the »total light absorption« which 
is obtained by integrating the light absorption values over the cellular 

volume.*) 


*) For details, see ref. above. 
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The principle for lienioglohin determination in a living erythropoietic celt. 
Points along the diameter of the image of the cell are thrown on a iihotocell 
aperture. The light absorption is calculated from the ])hotocurrc?il. Knowing 
tile dimensions of the ceil, tlic l\omoglol)in concmitration in each point along 
the cell-diameter can he calcuhitcil from the light absorption values. Uy 
integrating the measurement curve over the cellular volume, a.s itulicated 
by the arrow, the total amount of hemoglobin in the cell can he calculated. 


Fig. 3 shows the hemoglobin conlcnl in the different develninnenlnl 
phases together with the rihosc nucleic acid values. The clitingos in 
the cytoplasmic composition during crylhropoiesis show firstly, Ihttl 
before the processes which lead to Ihc cellular diffcrenlialion in Ihc 
direction of hemoglobin formation have begun, the mclaholism as- 
sociated with the new-formalion of Uic cellular mass is oomplclcd. 
Secondly the diagram shows that the increase in lolal amottnl of 
hemoglobin per cell unit docs not lake place uniformly. 

Thus on quanlilalivc cyloclietnical basis Ihc nnipolcnt red cell 
development occurs in several different phases as regards the inlonsily 
of cellular growth and differentiation. 

During the first phase, the growth phase, it is principtilly llie 
formation of the basic cell protein substances that takes place' The 
cell then has a cylochcmical organization resembling that of growing 
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of the processes rvhieh lead up lo the dittereuliatlon of the ceSJ 


CYTOPLASMIC 



■TP 


STEMCELL 


MATURE CELL'-' 


Fig. 3. 

Survey of tlie essential changes in c 3 ’'toplasmic composition during erytliro- 
poiesis. Abscissa as in fig. 1. — ® — « — cytoplasmic ribose nucleic acid %, 
— o — o — total amount of hemoglobin in the cell. TP total cellular protein 
calculated from the total volume of cells in each development phase (cf. fig. 1). 
The figure shows on the whole, that before the erythroid cell is differentiated 
into its final functional stage, the ribose nucleic acid metabolism associated 
with the endocellular growth processes is finished, i. e. that during the uni- 
potent cell development the new formation of the cellular protein substances 
is completed before differentiation occurs into its final, specific form. For 

details, see text. 


proteins into their final specific forms begin to be observable. These 
processes become increasingly rapid, and at the phase where the con- 
centration of cytoplasmic nucleotides reaches the zero value, a great 
generation of hemoglobin sets in — the differentiation phase. Wh^n 
the cell has reached a degree of differentiation corresponding to c. 
23.10-^ pg of Hb, the formation of hemoglobin declines — , the phase 
of declining differentiation. The total amount of hemoglobin in the 
cell approaches a value of 28.10-6 pg, corresponding to that of the 
finished erythrocyte. Thus, in the last stage with pycnotic nuclear 
degeneration and during the denucleation process to the erythrocyte 
of the blood, the hemoglobin content of the cell does not increase. 
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The concentration becomes f-reater (from 25 to 55 Cr). owinfi to tlm 

decrease in volume during this process. _ 

Thus it is possible to follow quantitatively the processes wliieh 
form the basis of the normal growth and differcntialion of the blood 
cell. The next question is whether any changes in Ihese processes can 
he detected in cases of i)athological disturbances during erylbropoiesis. 

The types of pathological crythrojjoiesis investigated were per- 
nicious and chronic hemorrhagic anemias. I'our clinically nnequivoeal. 
untreated cases of pernicious anemia were examined. I'or the in- 
vestigation of hemorrhagic anemia adult rjd)bits were used from wbieb 
about 50 cm^ blood was taj)j)cd every other day for three weeks. 

The living bone marrow cells were analyzed as described above, 
with micro-spectrophotometry in ultraviolet for determining the ribose 
nucleic acid concentration in the cytoplasm and with micro-spectro- 
photometry in the visible sjicctral range for determining the concentra- 
tion and amount of hemoglobin. The different types of cells were 
classified, as above, according to their volume. 

The changes in the processes of ondocellul.ar growlli and dif- 
ferentiation, as .shown by the results of the analyses of pernicious and 
hemorrhagic anemia respectively, are most easily displayed by in- 
serting the values obtained in a .system of coordinates similar to tbal 
which was used for the interpretation of (be cytocbemical an.'ilysis 
data of normal erylbropoiesis. The diagrams in fig. I were oiitained 
in that way. 
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ring normal erythropoiesis there is a definite -relationship be- 
tween the growth and differentiation processes of the cellular ^sub 
stances. All the cases of pernicious anemia investigated show a clear 
and Identical disturbance in this relationship (se fig. 4). 

The process of formation of cellular substances in these cases is 
clearly characterized by the non-disappearance of the ribose nucleic 
acids of the cytoplasm and nucleolar apparatus. Normally the ribose 
nucleic acids disappear during erythropoiesis and this begins during 
an early phase of maturation. On the other hand, formation of hemo- 
globin seems to take place in the bone marrow cells in pernicious 
anemia. Tlius in this disease there are cells enriched in the blood- 
forming organ with comparatively high concentrations of cytoplasmic 
nucleic acids; in some of these cells, the synthesis of hemoglobin has 
proceeded relatively far. 

The disturbances in the interplay between the growth and dif- 
ferentiation processes of erythropoiesis in the case of hemorrhagic 
anemia are of a different type. The decrease in the nucleic acid meta- 
bolism of cell growth proceeds normally, while on the other hand the 
hemoglobin synthesis in the cell exhibits a low’ intensity. 

Thus the analyses show’ the possibility of attacking, with quantita- 
tive microspectrographical methods of analysis, certain disturbances 
in the relationship of the endocellular differentiation processes to the 
grow’th processes. The analyses also show’ that these disturbances may 
be looked upon as being specific for different types of pathological 
conditions during erythropoiesis, manifesting themselves as pernicious 
and hemorrhagic anemias respectively. 


DISCUSSION 

A. Wilton: As show'n by Caspersson and collaborators, the prere- 
quisite of new’-formation of gene-carrying chromosome protein, i. e., 
formation of mitosis, is the presence of desoxyribose-polynucleotides, 
whereas ribose-polynucleotides are required for the formation of cyto- 
plasmic protein. Through spectral-analytical studies Dr. Thorell has 
previously shown that the ribose-polynucleotides in the cytoplasm of 
the red bone-marrow’ cells under the progressive differentiation of the 
cell successively decrease in amount and finally disappear completely. 
To-day he has presented some studies on the ribose-polynucleotide 
content as compared to the hemoglobin content of the red cells, like- 
wise determined by spectral analysis. As we just heard, these myesti- 
aations gave the result that under physiological conditions the ribose- 
polynucleotides decrease in the same degree as the hemoglobin content 
increases, and consequently the hemoglobin content increases ^yrth 
advancing cell differentiation. Through these cytochemical investiga- 
tions Dr Thorell has arrived at the same conclusion as I formed 
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8h .„orphoio6ic»i suK,i« My 

galion inlo Uio dovcloimiont of Ihc ml ccl s ii. in « ^ ....escnlcl 

and swine, and the preliminary account of these stud . . • ] .jj 

„l Ihc Scr„,di,.avipn Congress of P.nlhology m C»l'"' '•V' 
be appropriate here. I think, briefly lo touch upon this mi jtil. 

rsmenrs of bone .narrow il is not ,.r..clical,le lo .bsln.gn.sb e- 
iween immalure eell forms belonging lo llio re, I senes " 

leukocyle aeries, as Ihc hn.nninre cells of both '"'"f , l.i,, s 

Which in clinical hematology is designated as myelohlasls. u buds, 
however, red bone-marrow cells develop wilhm the vascular wall, 
leukocytes outside the wall. So when in a paraffin section of chicken 
bone-marrow we meet with mycloblasl-likc cells located inside the 
vascular wall, we know that Ihcy are immalure cells belonging to 
the red series. Such cells have a large ve.sicular nucleus with one or 
more large nucleoli and only a lilllc cytoplasm, which is slrongly baso- 
phil and contains no hemoglobin. In other words, the hemoglobin con- 
tent of the cell is nil. The progressing cell differentiation can be fol- 
lowed tbroiigh Ibc gradual alteration of the nucleus from the l.vpe just 
mentioned lo the small oval and compact nucleus. One of the inter- 
mediate stages is the spoke-formed nucleus, typical of the red cells. 
When the formation of hemoglobin lias commenced, il is possible 
by means of the shades of the cytoplasm stained after (lieinsa to 
estimate approximately the hemoglobin conlcnl of the cells. Willi a 
slight hemoglobin conlcnl the cytoplasm shows a faint bluish-lilac, 
which through lilac and orange .goes on lo the homogeneous red colour 
of the mature cells. These shades appear particularly dislincl in smears 
from chicken bone-marrow. 

My material comprised o-l individuals of fowls, 17 of which were 
1-day-old chicks, while 17 were full-grown fowls. The remaining 
animals belonged to the intermediate age classes. In these studies I 
found very good agreement between, on one side, the nuclear elianges 
appearing in the process of differentiation and, on the other side, the 
changes in the color-shades of the cytoplasm. On the basis of these 
observations I drew the conclusion that under phy.siological condi- 
tions the hemoglobin concentration increases with advancing cell dif- 
ferentiation, .so that in normal cases the hemoglobin concentration 
may serve as a measurement for the degree of differeiilialion .As 
we just have heard. Dr. Thorcll has arrived at the same conclusion 
on going an entirely different way - that is -- through c, si i " 

spectral-analytical methods. ^ •I'lisiint 
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appearing during the ontogenetic development, I employed, among 
other animals, also swine for my experiments. Through continuous 
examinations on the same sucking pigs — for this and other purposes 
— the hemoglobin values, red blood counts, colour index and size of 
the cells were established in a scientifically reliable manner.. This 
material consisted of 18 litters of sucking pigs, comprising 120 animals. 
Furthermore, the corresponding blood values were determined on 15 
adult swine. 


Table 1. 


Age • 

Haemoglobin ^ 
value 

Red blood j 

counts 

Colour j 

index 

Size of the 
red cells 

Pigs of 

72,1 -1- 0,9 

6,71 4- 0,08 

. 0,53 4-0,01 

6,4 4- 0,05 

8 — 9 iveeks 

(131) *) 

(80) 

^80) 

(35) 

Adult 

SS +2,0 

5,43 + 0,19 

0,83 4- 0,03 

6,0 4- 0,10 

swine 

(15) 

(15) 

as) 

(11) 


*) The figures in brackets indicate the number of determinations. 


As will be noticed from table 1 the color index, f. e. the mean value 
for the hemoglobin content (by weight) of the red blood cells is small- 
er in the pigs than in the adult swine, whereas the converse applies 
to the size of the cells. When now the red blood cells of adult swine 


are smaller than those of young pigs, and yet mey contain larger 
amount of hemoglobin by w'eiglit, the hemoglobin concentration in 
the red cells of the adult swine must be higher than in the pigs. On 
account of these and other observations my conclusion was: the 
degree of differentiation of the hemoglobin-forming tissue increases 

during the ontogenetic development. . 

With his spectral-analytical methods Dr. Thorell has studied the 
development of the red blood cells in hemorrhagic anemia and m 
pernicious anemia. In this way he has made the interesting observa- 
tion that in pernicious anemia the ribose-polynucleotides in the cyto- 
plasm of the red cells do not decrease in the same way as under 
physiological conditions. As illustrated very well by the 
shown by Dr Thorell, in pernicious anemia there is an abunda 
bo™pdy“cleotides in Ihe cytoplasm even v-ith a high hcmoglolnn 
concenlraUon - in contrast to the findings in hemorrhagic ane^ 
™robservation may imply that here ive have available a sensitive 
Jnectralanalytical method for the diagnosis of pernicious 

%-%£S-£=SH= 
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globin conccnlralion. For a salisfaclory cx])Ianalion ol lliis fact. 1 
think, not he sufficient merely to study llic ril)osc-polymicIc()lide 

content, without studying also the dcsoxyrihosc-iiolynuclcolide incta- 
holisni. I base this view upon some moridio-hiological ohservalions of 
my own that briefly will he reported as follows. 

At an earlj' ontogenetic stage, under jihysiological conditions, only 
immature red hone-marrow cells undergo mitosis. In connection with 
advancing ontogenetic development, however, also the more mature 
cells, rich in hemoglobin, divide, i. c., the mitosis formation shifts into 
the direction of the differentiated side. 'I'his biological prim'ii)le, which 
I have designated as shifting of flic mitosis fonmifion to llie right, 
may he illustrated most simply by means of the schematic dr.iwing in 


Fig. 1. Here stage I represents an early ontogenetic stage, stage II a 
subsequent stage, and stage III ah adult stage. In stage I only the im- 
mature red cells divide, and tticir daughter-cells enter the blood stream. 


In stage II also the dauglifer-cclls undergo mitosis, and in stage 111 
even the red cells rich in hemoglobin. As suggested by I'ig. 1. owing 
to the shifting to the right of the mitosis formation, during the jiro- 
gressing ontogenetic development the red cells become smaller and 
smaller. 



f-io. /. 
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Examinations on pernicious bone-marrow before and nftpr ^ 
ministration of antipernicious factor showed that lack of this firf ' 
makes the more hemoglobin-rich ceils lose their capacitf t^dSn' 
un er p ysiological conditions. Tliis observation may be illustrated 
by means or the same picture (Fig. 1). As previously, stage 
physiological blood cell development in the adult stage. Stage It shows 
he blood cell formation in pernicious anemia and also stage I in a 
severe case of longer duration. As is evident from this picture in 
pernicious anemia there is a shift in the mitosis formation to the’un- 
ifferentiated side (» shift to the left of mitosis formation«) which 
shitt offers an explanation as to why the red blood cells increase in 



Fig. 2. 

Red cells with atypical mitosis in pernicious anemia. 


size with increasing severity of the pernicious anemia. But this does 
not mean that the blood cell formation has returned to the embryonal 
type, for the hemoglobin concentration in the red blood cells (satura- 
tion index) is the same in pernicious anemia as in normal adults, i. e., 
higher than at the embryonal stage. 

But, now, how are we to explain this shifting of the mitosis forma- 
tion to the left? 

Starting from Caspersson and collaborators’ observation, that the 
presence of desoxyribose-polynucleotides is prerequisite to new forma- 
tion of chromosom protein — i. e., mitosis formation — the shifting to 
the left of the mitosis formation in pernicious anemia may be inter- 
preted to this effect: that the amount of these nucleic acids in the 
more hemoglobin-rich cells is not sufficient for physiological mitosis 
formation. This view finds support in the fact, -well known to any 
hematologist, that in pernicious anemia the hemoglobin-rich cells 
present a phenomenon, the so-called amitosis or atypical mitosis, which 
fails to go on to cell division (Fig 2). On administration of anti- 
pernicious factor, the mitosis formation again becomes physiological. 

Great interest is attached to the view advanced by the cytologist 
and physiologist la Cour: that pernicious anemia is induced by nucleic 
acid starvation — as he calls it. As far as I can see, with this expres- 
sion he means a lowered content of the desoxyribose-polynucleotides. 
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Unlike Dr. Thorcll, la Cour has had no opportunity to employ Caspers- 
sons spcctral-analylical methods. By means of certain staininfi 
methods, however, he has thoroughly studied the mitosis formation in 
the bone-marrow in pernicious anemia, and thus he had found certain 
points of resemblance between, on one side, the mitosis formation just 
mentioned and, on the other side, mitosis formation in jilants, in whicii 
»nucleic acid starvation® was produced experimentally. As mentioned, 
his conclusions arc based on staining methods, and thus they cannot 
be looked upon as being just as reliable as if sjiectral-analytical 
methods had been employed. So it would he highly interesting if Dr. 
Thorell with his great experience in the einjiloymcnt of these inelhoils 
would extend his investigation to cover not only the rihose-polynucleo- 
tide content of the red cells, hut also their desoxyrihose-polynucleolide 
metabolism under physiological conditions and in pernicious anemia. 

I. WAU.fiRiiN : The curves prc.scnled by Dr. Thorcll, showing that 
in untreated cases of jiernicious anemia the protein ])roduction in the 
erythroblasts proceeds longer than normally, aiipears (juite to agree 
with my observation. In severe untreated cases of pernicious anemia 1 
have seen new crj’throcytes arise through hiidding from the cyto- 
plasm of megalohlasts and normoblasts. In such cells perhaps also 
the protein formation was increased. 

As to Dr. riiorcll s remark ahmif an increase in the uric acid 
concentration of the blood when the erythropoiesis is increased. 1 beg 
to be alloAvcd to deal with this question to-morrow, when jiresenting 
my own paper. 


Acta path. Vol. XXV. 1-2 





TUMOURS OF TACTILE END-ORGANS 

By Erkki Saxen. 


The references to the occurrence of tactile corpuscles in tumours 
are very scarce in medical literature if we except those dealing with 
corpuscular structures found in naevi, neurinomas and glomic tu- 
mours. 

It was already in 1899 that Soldan paid attention to the fact that 
neurofibromas almost regularly appear in association w'ith pigmented 
naevi. He actually regarded the pigmented naevi as tumours occurring 
in the connective tissue sheath of the terminal ramifications of the 
nerve, i. e. as neurofibromas. This A’iew Avas given no appreciable de- 
gree of attention until Masson (1926) proved that the pigmented naevi 
are neurogenic. In his opinion they Avere not produced as a result of the 
fibromatous proliferation of the connective tissue; he regarded them 
rather as ectodermal tumours. He observed that corpuscular structures, 
AA'hich he called »lames foliacees«, AA'ere regularly present in them. Ac- 
cording to Masson these corpuscles resembled distorted Wagner- 
Meissner corpuscles in Avhich the modified Schwann cells of the organ 
play the dominant part. 

Also palisaded nodules seen in the neurinomas haAm been regarded 
as organoid productions comparable Avith the tactile corpuscles. 

Mention shall be made here also of the glomic tumours in spite 
of the fact that their structure is only imperfectly knoAvn. Nor is it 
knoAA'n Avith any certainty Avhether they are primarily of nervous or 
of vascular origin. According to Bailey there exists a close analogy 
betAveen glomic tumours and pigmented naevi. According to Foot 
(1940) glomic tumours and melanomas are tumours of nerve term- 
inals. 

In addition to these three types of tumour I have found in the 
literature accessible to me references to eight separate tumours Avith 
formations similar to tactile end-organs. I shall give a brief revicAV 
of them. 


Florcken <b Steinbiss (1921;. A man 30 years of age. At the age of lo a 
thmour had developed in the middle of the scalp. He was operated on and 
the tumour Avas found to be 22 cm. in diameter and 8 cm. thick, »just like 
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a cap on tlio patient's lica(l«. It corpnsrics lotmd in the 

Tlie corpuscles resembled in ' j Mniiorv's solution projected 

duck’s bill. Thin septa winch 'n„,ils. At the e.lpe of 

in a fan-like way from a ^ ri,romatimleficient nucleus, 

each septum there was a compaiati roniiective tissue 

clearly distinguishable from the ],olween the 

of the Schwann-cells of the iieriidieral nerves. 

Ifa^mii (1031) A child of .3. who had died of broncho-pneumonia. Autopsy 

...vcalS on M,c .. iln.i.r.l, on, I llol n,ioln.,Hnn, w ^ 

fluctuated slightly. The dermis and hypoderiuis were stionglv tin Knud, 
forming a fibrous mass, about 2 cm. thick, 'i'he tumour coutaiiied a great 
number of naevus colls, tactile cor|.u.scles and plenty of lugmenlation. I he 
corpuscles wore never innervated and their structure resnnhle.l the sup- 
porting structure of Wagner-Meissner end-organs. Masson regai'ded the 
tumour as a lugmented naevus or rather as a neiironaeviis which differed 
from a common naevus in that it hail a ileeper lying plexiform nenrinoma 
formation and largo tactile corjiuscles. 


Jordan (1932). A man IS year.s of age with a congenit:d extensive pigment, 
ed area in the region of the .shonlder.s. The skin was nodular and thickened 
in the iiigmentod area. The scalii was covered with lugniented nodules, TIu' 
tumours were diagnosed ns rMassonict neuromnni. Deeper in the loose 
subcutaneous layers, which stained yellowish in v. (lieson's sidutiiui and 
also free in the connective tissue a large miinher of iieculiar structures were 
encountered. They were in the majority of cases solitary, appi'.aring only 
seldom in conglomerates or string.s. The inner )uu t of the corpuscles stained 
light yellow, it had lamellar layers with thin septa runniiiL' in them. The 
septa wore sometimes provided with nuclei. The nuclei were situai.-d ns n 
rule at the periphery and sometimes congregated only on one sid,. (|,,- 
corpuscle. In the nerve .sheath consisting of connective tissue lh>' cells 
had many points of resemblance with the cells of the infiltrate. According 
to Jordan the tumour consisted of naevus cells and of endoteliomatous and 
neurinomatous tissue. In his opinion the corpuscles were made up of neurin- 
omatous tissue, i. e. of Schwann-cells. 


Drofih (19,31). A hoy of 10 with an extensive congenital pigmented area in 
le lumbar region. Might months before extirpation the nodule in the pigment- 
. .-.rcn i,„,i „„r,o,i po.vM.g „i,i, ;„„i 

iii-moin,, .villi iiiinmionil.l,. („ri„',Uc.i,« 
sembling tactile end-organ.s. 3 he corpuscles were partlv solitarv nartlv 

and°mo\ 'I'heir mean size was IfK) K Ihll’ Inicrons 
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fva t pigmentation. It was diagnosed as neurofibromatosis. The tumour 
as characterized by the presence of large corpuscular conglomeratS A 
thm connective tissue capsule and septa extending from this capsule divided 
the area into many ovalshaped corpuscles of almost equal size and of 
fibrillar stnmture. The thin fibrils ran like meridians and stained greenish 
yellow in v. Gieson’s solution. A few collagenous fibres were also encountered 
The nuclei were relatively large, round oval in form, situated as a rule 
peripherally and chromatin- deficient. In some operations Scherer was able 
to follow quite closely and. clearly the transformation of a nerve into a 
conglomerate of this kind. The Schwann-cells drew away from each other 
and in the interspace they gave rise to the above-mentioned fine fibrillar 
tissue, which was divided into areas of equal size. 


Cleuet & Ingelrans. A case of Recklinghausen's disease. A special feature 
were the small, oval or sausage-like formations staining yellow in v. Gieson’s 
solution, having lamellar structure and resembling at some places Meissner's, 
at other places Pacinian corpuscles. Cleuet & Ingelrans called the corpuscles 
»n6vrome type pseudopacinien et ndvrome type pseudomeissnerien«. In their 
opinion the corpuscles had developed from the perineurium. 

Dailey & Herrmann (1938). A girl 13 years of age. 18 months before autopsy 
she had different attacks of paralysis. Autopsy revealed multiple nerve 
tumours. Referring to an oculomotor tumour Bailey and Herrmann give a 
description of some peculiar verticillated formations, clearly similar to 
Vater-Pacini corpuscles. In the middle of the corpuscles was a special cell, 
the cytoplasm of which stained yellow in v. Gieson’s solution. A great many, 
perhaiis all of them, were grouped round the medullated nerve. The gradual 
transformation of these corpuscular areas into areas with the classic neurin- 
omatous structure could be followed. According to Bailey & Herrmann the 
corpuscles as well as the neurinoma tissue consist of connective tissue. 

Cammermeyer (1946). A congenital tumour, removed from the finger of 
a man 50 years old. It contained connective tissue and small noduli which 
were surrounded by a capsule of collagenous fibrils. The septa extending 
from the capsule divided the nodules into round corpuscles, the number 
of which varied from 3 up to 331. Their mean size was 43 p, X 26 p. The 
nuclei resembled Schwann-cells; in the corpuscles and betweeri them numer- 
ous nervefibres were seen. It vvas diagnosed as tumour of tactile end-oigans. 

In addition to these I report now three new cases, which probably 
belong to the same group.*) 


Case I. 

A 36 years old farmer’s daughter. If we except the tumour forma- 
tion she had always enjoyed good health. On the left side of the 
patient’s skull there had been a tumour ever since her earliest child- 
hood. According to her mother’s report the tumour had developed from 
a penny-sized naevus. She was operated on for the first time at the 

is from the Institute of Radiotherapy, Helsinki; case II from tlie 
»Radiumhemmet« in Stockholm and case III from Doctor Gellerstedt in PP 
s?it wlm placed his notes at my disposal after my lecture in Uppsala m 

July, 1947. 



69 


imnour niJidc scAcn 
age of seven. Another Jg^rinniour had remained on the 

years later hut it to- flow downwards. The patient 

whole unchanged, ^^lth a in the tumour, 

never complained of pains or t numher 

On examination the slun was foim^ ^ ,,nll there 

of freekles in the arms and legs. On the 



Fig. 1. 

Case 1. The tumour just be- 
fore the operation. 


Fig. 2. 

Case 1. Longitudinal .'ioction 
of the tumour. 



was large tumour the size of a big loaf, adhering to the surface of the 
left temple, the check and the parietal region (Fig. 1). H exiended 
downwards to the level of the lower edge of the jaw-hone. 1 he left 
lid was almost closed and the left car was completely deformed. Ihe 
skin of the swelling was at places scabby or iiigmented. Large bloodves- 
sels and cavities made the extirpation of the tumour difficult and it 
proved impossible to have everything removed. The wounds healed well 
and about 18 months later the patient was admitted to hosiiital for a 
plastic operation. The treatment is still going on. 

The cut surface of the tumour was light gray, fibrous and a little yellowish 
here and there. P.arallel witli ami al)out 0.5 cm. from the surface rati n stripe. 
•iO— 50 mm. thick, brownish and with indistinct contours. Tims the cut 
surface had some points of resemblance with the cerebrum. Some transver.se 
sections of large bloodvessels were seen. In the middle of the tumour then' 


was a considerably harder, elastic, disk-like, sharply-defined formation, (1 
cm. in diameter and A cm. thick at the centre (Fig. 2). 

The samples taken from various jtarts of the tumour for microsco]iic!il 
analysis were all cbaractcrized by the presence of iieculiar corpuscular 
formations. Otherwise they differed a great deal from each otlier. The 
epidermis was thickened throughout, hairs, sebneious glands and glands 
which resembled salivary glands were seen hero and there, llcneath the 
epidermis was a layer of connective tissue, varying in thickness and separa- 
ting the tumour tissue from the epidermis. In low-power microscopic exam. 
Illation the tumour tissue seemed to consist of corpuscles of unefiual size 
winch m some places were placed rather apart from each other niul separated 

nlnv— "■ci’c congregated in close 
P 0Mmitj% forming coherent areas and stripes, which in the neigbbotirhood 
the epidcmis lost their typical corpuscular structure (Fig. ;i). A yollowisli 
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Clear led tone. Transverse sections of nerves and blood-vessels nf vn.-v? 
S..C ware seen in the tumour area. Tl.eir slrue.ure appe^JeT to e. ue.S 



Fig. 3. 

Case 1. The corpuscles form large ai-eas and stripes which in the neighbour- 
hood of the epidennis lose their typical corpuscular structure. 
Masson’s Trichrom stain. 


and they seemed to have no connection with the corpuscular tissue of the 
tumour. Even a low-power microscopic examination of the tumour area 
revealed groups of cells with large and light-coloured nuclei. 

The structure of the single corpuscle varied greatly in different parts of 
the tumour. In some instances they lay apart from each other, in other cases 
they were congregated in a string-like or rosette-like manner. Here and there 
they formed wide coherent areas or stripes. The corpuscles were round oval, 
15—30 microns in breadth. They were clearly encapsulated and resembled, 
roughly, Wagner-Itleissner corpuscles. In some instances the corpuscles were 
more homogeneous and compact, staining almost evenly violet in Masson s 
trichrome stain, and yellowish in v. Gieson’s stain (Fig. 6). Red streaks were 



Fig. ■ 

Case 1. The corpuscles are at places side by side. Trichrom slam 
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. . • fni-niisclc Imd n slirunken ni)])Oiirftiu;(-', ns it 

seen in v. Giesons stain. Ihe coipusc cnnsulo niul tlie suirotirKlnip 

"r r ;;":crr.^" 0^^ "!■" — ■ ^ 



rig. r,. 

Case 1. The corpuscles arcs at places apart from each other and separated 
hy connective tissue. On the right, side larger, lighti'r-colourod cells of the 
corpuscles are visihle. Trichrom .stain. 


the corpuscles was more clearly soon. They were larger anil their fibrils 
stained reddish in Masson’s stain, the intermediate substance taking tlie 
light red tone. The fibrils stained yellowish in v. Ciieson’s solution. In the 
stainings of the fibrils (Gomciri) the relatively thick cajisule and the thin septa 
extending from it were clearly visible (Fig. 5). in some places the intermediate 
substance was absent and only the sepia were seen, thick, staining yellow 
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aed in v. Gieson’s stain and blue in Masson’s trichrom stain. The nuclei nf 
the corpuscles were relatively small, dark, about the size of 3 X 6 microns 
situated in most instances at the periphery and only rarely in the lamellae’ 
One had an impression as if these nuclei belonged to the capsule and further 
that the majority of the corpuscles contained bigger and lighter-coloured 
nuclei, about the size of 6 X 8 microns (Fig. 5). The boundary lines between the 
cells were not clearly seen in the corpuscles. 

In the fat stains also the tumour tissue was beautifully distinguished 
from the subepidermic connective tissue, which remained colourless while 
the corpuscular areas stain slightly blue with Nile blue sulfate and reddish 
with scarlet red. Plenty of fatty tissue, often arranged in the form of stripes, 
was seen in the tumour. 

In the stains of the nervefibrils (Bodian, Davenport) the axis-cylinders 
stained beautifully and looked quite normal. In the corpuscles no nervefibres 
were observed. 

In the myelin stains no nerves were . visible in the corpuscles but the 
coiTiuscular tissue was distinctly outlined and stained slightly grey while 
the connective tissue remained jmllowish. 


Case II. 


A girl 8 years of age with an extensive pigmented area covering 
the middle and lower parts of the hack. She had always been in good 
health and her development had been normal. About two years before 
she consulted a doctor her mother discovered a few small protrusions 
in this area. On examination a yellowish brown pigmentation was seen 
in the middle and lower regions of the back, with long, soft and white 
hairs. Numerous loosely fixed about pea-sized nodes of hard con- 
sistence were found. The skin covering them was loose and they were 
not tender. Some of them seemed to be confluent. The patient has been 
under observation for three years and her condition has remained un- 


changed. She had no subjective pains. 

The samples removed from the nodules for histologic examination showed 
that the structure of the tumour was of the same type throughout. The 
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epidermis and the 

iL-power microscopic "1 and thinner, ir- 

tissue and of the loose f J efWnes some encapsulated tumours 

regularly shaped, encapsulated nen - ‘ ^ corpuscles, winch stained 

'"• 



Fill. S. 

Case 2. A nodule similar to a tactile corpuscle. The septa extendiUK from the 
capsule are clearly visible. Goniuri slain. 


distinct contours having large and light-coloured iniclei, which stained also 
yellowish. In the following I shall deal with these special features separately. 

The ncrvc-U1:c stripes. They ran in loose connective tissue, varying in 
size from quite thin ones to those 1 mm. thick. The slrii)es were clearly 
encapsulated, the capsule containing a large number of collagenous fibres. 
They consisted of very loose tissue with small, dark, ovfil nuclei jibout tlu; 
size of -f X Gi/i microns. A few bigger light-coloured nuclei were ,'ilsn present. 
The tissue was rich in cni)illaries and fibres of considerable Ihickne.^^s which 
took the blue lone of the Mn.sson stain. Further, some medullated nerve- 



c. . . 
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middle of the stripes The in tHe 

m all stripes. Some light-coloured nuclei tlisizTS’ 6 X^q and did not occur 

pretable as nuclei of Schwann-cells“eenT^ 

mei, in the proper sense of the word no increase of ^rhivnr,' iio"'- 

tion of the corpuscles found in some’strines wni ho ■ ^^'^nnn-cells. A descrip- 

In the staining of the nervefibrils (cLenport) sliTaVlhr T- 

fibril fragments were seen running in different riiro^r ’ ^in^k-impregnated 

ot the sldpes, inlerprelaile as 

case af plexiform neuromaformation. nenefibies. It was, then, a 

The tissue resembling loose fibromas was greatly similar to that seen in 
the stripes. No medullated fibres, however were seen in it Vho n, i 
m most instances small and dark, the siz’e of 4 X 61/2 Lt in aSiorio 
these also larger and light-coloured nuclei were encountered. Fitoes aJoit 



I 

A 

Fig. iO. 


Case 2. The centre of a large corpuscle showing the cylindrical strucfuie. 
A. Longitudinal sections of the cylinders. Gomori stain. 


2 microns in breadth, staining red and surrounded by a blue mantle, were 
seen in the oedema-areas. One had the impression as if all the thicker blue 
staining fibres were composed of cylinders of precisely this type. 

There was a large number of corpuscles in the loose and very vascular 
connective tissue as well as in the fatty tissue. They varied in size from 
20 up to 200 microns, the average size being about 40 microns. They occurred 
single or in lai’ger conglomerates of 2 — 15 corpuscles (Fig. 7 and 8 ). The corp- 
uscles were surrounded by a clear capsule of connective tissue. The fibril stain 
(Gomori) revealed! to 5, in the larger capsules even 30 layers. The layers ap- 
peared to be often separated from each other by oedema-fluid (Fig. 9). The 
majority of the corpuscles had' a clear lamellar structure, the fibres running 
like meridians from one pole to another and taking the form of concentric 
circles. They often had many points of resemblance with the Wagner-Meissner 
corpuscles The structure of the larger corpuscles was obviously not lamellar. 
They consisted of cylinders, the interior of which stained blue in Massons 
stain The cylinders were surrounded by a thin blue mantle. Tbeir transverse 
section was circular, varying greatly in diameter, which was greatest a 
the level of the oval nucleus (Fig. 10). The inner part of the corpuscles looked 
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liomogencous and stained yellowish “J • ,j osc of neurinoma tissue. 
sta“n.“The tinctorial corpuscles. Their 

The nuclei were generallj situated . P instances parallel 

size was 41/2 X 7 p and their longi u ‘ ‘ ‘ uic centre of the cor- 

with the capsule. Nuclei were 1. seen, hut owing to the 

puscle. In the nervefibril stains n ndiustinent of the screw of the 

lamellar structure of the coi'puscle. ‘ ’J ‘ ‘ , corimscles and 

micrometer caused some light 0 icflccl ,t,.i es the medul- 

™mTd?i»oTw mese corpuscles the sotnple cohtoluctl nfcus 
hv the absence of corpuscular structure but haMiig the same 
Sopirties as tL corpuscles. The nuclei of the areas were large, oval and 
light-coloured, resembling naevus cells. 


Case III. 

A man 17 years of age who liad earlier liccn in good licallh. He 
had a congenital slowly growing swelling at the hack of the skull. In 
recent times the swelling had grown more rapidly, Ihc patient had 
headache and consulted a doctor. 

On examination a large, soft rcsistent formation was found at the 
hack of the head, moving on its foundation hut intimately fixed to the 
skin. The whole formation was about 10X15 cm., hanging downwards. 
He was operated on and all the soft parts of the swelling, including 
the skin were seen to he thickened. The hone beneath seemed to have 
undergone no pathological change. 

Tlie wound healed hy first intention. It has been followed for one 
month. 


The samples taken from different parts of the tumour for histological 
■examination were all more or less alike. The epidermis and the connective 
tissue beneath it were thickened. The connective tissue shaded imiierccptibly 
and with no clear boundary line into tumour tissue, which stained yellowisii 
in V. Gieson’s solution and a light violet in Masson's trichrome stain. The 
tumour tissue was in some places made up of small corpuscles with lamel- 
lar structure, occurring sometimes single in the connective tissue sometimes 
in string-like formations. 

In some places the corpuscular areas .shaded witliout any clear boundarv 
line into areas without any clear corpuscular structure. These areas were 
however, owing to their cellular structure and general tinctorial properties' 
of similar tissue as the corpuscles and differed distinctlv from normal cm, ' 
eaiye tissue. The nuclei were large, oval, about .0 X 7 microns, chm'iatim 

stainines oMi ^ r periphery of the corpuscles In the 

stainmgs of the connective tissue fibrils (Gdmdri) the lamellae of no 

b Cse l ’ exactly I,; Zh 


pus™lIr”eTcmcnLVA,7r‘ “"S" lu-our will, cop. 

Clements! A.o Iho coipusclcs really eon,pai-,al,Ic lo laclilc 
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end-organs and are they made up of Schwann-cells? Are the corpuscles 
mere sporadic findings or do these tumours form a coherent whole? 
Are these tumours associated with melanomas, neurinomas or with v 
liecklmghausen’s disease complex? 

I mentioned above that the corpuscles of the tumours often re- 
sembled Wagner-Meissner corpuscles. A normal Wagner-Meissner cor- 
puscle is about 80 X 30 microns in size and is situated as a rule im- 
mediately beneath the epithelium. It is surrounded by a connective tis- 
sue capule from ivhich septa of varying thickness and transverse to 
the axis extend. The inner part of the corpuscle consists of oval or 
pearlike cells lying vertical to the longitudinal axis and their nuclear 
pole looking toward the periphery. The majority of the corpuscles of 
the tumours in question were equal in size. A capsule and septa ex- 
tending from it were also distinguishable. It is difficult to conclude, 
on mere morphological grounds, whether their inner part is made up 
of Schwann cells, particularly so, as there is, to my knowledge, no 
specific staining method for Schwann cells. The corpuscles differ con- 
siderably from connective tissue in that they stain yellowish in v. 
Gieson’s solution and reddish in Masson’s trichrome stain, having thus 
many points of resemblance with neurinoma tissue. The nuclei dif- 
fered also from those of common connective tissue cells and -were easily 
interpretable as nuclei of Schwann cells. The big corpuscles of the 
tumour of the lumbar region (case II) can only with difficulty be in- 
cluded in any group of tactile corpuscles. What they resemble more 
than anything else are the Vater-Pacini lamellar corpuscles, which as 
we knoxv are large, oval corpuscles, 0.2 — 2 mm. in length, consisting of 
a medullated nervefihre, an inner bulb and of connective tissue lamel- 
lae. This might be regarded, then, as a case of a violent enlargement of 
the inner bulb in the corpuscles of the tumours. 

There are previous reports on corpuscles of tumours. In six cases 
they were supposed to consist of Schwann cells, in one case to have 
originated in the perineurium and in one further case to contain con- 
nective tissue. Flbrcken & Steinbiss held the view that the corpuscles 
have resulted from the productive growth of the Schwann cells of the 
peripheral nerves. Masson and Jordan, in reporting corpuscles on the 
scalp, concurred to this view. According to the former, the structure 
of the corpuscles corresponds to that of the supporting apparatus of 
the Wagner-Meissner corpuscles. Jordan thinks the corpuscles con- 
tain neurinomatous tissue, i. e. they consist of Schwann cells. Brogh, 
Scherer and Cammermeyer agree with this view that the corpuscles 
are made up of Schwann cells. They have also been able to discover 

nervefibrils in them. , i,- t, nrfor 

In view of the tinctorial properties of the corpuscles which dif 

from those ot connective tissue and in view ot the strueture of the 
nuclei, I am inclined to believe that the corpuscles consist of Schvann 

cells. 
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structures? ,i:^.-,„cc in detail the subject of 

neurinotr I'iust'mcnln ImiI Li >“ so^ aulhontios 

or ...cuve 

<jnp and call them ncrincurial fibroblastomas. 

MrmXial consists of 60 cases of pure peripheral subcutaneous 

neunno ^ diseover different 

nodular and corpuscular formations wbicli often resemble greatly 
Wagner-Meissner tactile corpuscles. I am inclined to favour Ibe view 
that the neurinomatous tissue is made up of Schwann cells. Fiom Ihc 
point of view of tinctorial properties, and cellular structure these cor- 
puscles present a picture identical with that of ncurinoinaloiis tissue. 
They are, then, in my view, also made up of Schwann cells. According 
to Masson these palisaded nodules of the ncurinoinas arc, from the 
point of view of histogenesis and structure, comparable to the sup- 
porting apparatus of the Wagner-Meissner corpuscles. In view of the 
fact that palisaded nodules are not found in all variclics of nenrinoina, 
Masson suggested the possibility that the Schwann cells may be in 
some way affected by the motor and sensory nenrites and that pali- 
saded nodules consequently occurred only in sensory nerves. Murray 
& Stout (1940) base their similar views on the evidence of lissiic 
culture. 

The palisaded nodules of ncurinoinas and Ihc corpuscles of the 
corpuscular tumours — which arc under discussion here — arc comi)- 
arahle to the Wagner-Meissner corpuscles (Masson). 1 was not able, 
however, to distinguish any clear capsule or septa in the palisaded 
nodules of the neurinomas. It seemed to be rather a case of a restricted 
tissue area, standing out in distinct outline from flic surrounding tis- 
sue. All the staining methods employed by me revealed simitar tinc- 
torial properties in both types of corpuscle. In neither case were the 
cells tj’pical connective tissue cells. They had more points of resembl- 
ance w'ith Sclnvann cells. In case III the corpuscular areas were seen to 
transform into areas resembling neurinomatous tissue. It strikes me as 
not unlikely that the palisaded nodules of the neurinomas and the 
corpuscles of the tumours under discussion are compar.able with each 

Also the pigmented naevi and these tumours seem lo have certain 
eatuies in common. Masson, whom I quote extensivelv, flunks lhat 
the corpuscles found in naevi and the Wagncr-MeissnVr end-oru^ 
aie analogous formations. He published a report on a tumour oMho 

) Tl,= mnjori,,. from Professor Routenvolfs „riv,,fo molcrinl. 
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naevus, which differed from the common type of naevi in that it had 

deeper lying plexiform neurinoma formation and large tactile 
corpuscles. Jordan gives a similar interpretation of a case of tumour 
n the cases recorded hy me the scalp tumour had developed from a 
dark hirth mark and the other tumour was situated in a wide pic- 
mented area. In both tumours there were corpuscles and conglome- 
rates of naevus cells side by side. The view that these tumours and 
the pigmented naevi may have something in common is supported by 
the fact that pigmentation was absent in only one of the previously 
published cases. 

As to the clinical aspects of these tumours we see that apart from 
the cases reported by Bailey & Herrmann and by Cammermeyer both 
differing in structure from the rest of the tumours discussed here, all 
of them were situated either on the scalp or in the lumbar region, 
which are the favourite sites of plexiform neuroma, as has been de- 
monstrated by Bruns and Strauss on the basis of a material of 46 
cases and 80 cases respectively. The age of the patients varied from 3 
up to 55, and the tumours were undoubtedly congenital in 5 cases. 
The size of the tumours varied from little finger’s end to those the 
size of a child’s skull. In 4 cases the tumours were in the form of 
Cutis verticis gyrata. The subjective pains of the patients were in- 
significant if "we except the inconveniences arising from the size and 
position of the tumours. Ache was present in but 2 cases. Reliable 
evidence of absence of pigmentation was supplied only in one case. 
As regards the distribution of the pigmentation even other parts of 
the body surface may be involved. General neurofibromatosis developed 
in two cases. From the clinical point of view all the tumours were 
benign. 

As a summary of the 11 cases the following facts may be recorded. 
Eight of the tumours were situated in the lumbar region or on the 
scalp. In 4 cases the tumours had a tendency to hang, in folds and 
they -were,' then, in the form of Cutis verticis gyrata. The majority of 
the patients were young and in 5 cases the tumour was congenital. 
From the clinical and histological point of view all the tumours were 
benign. Pigmentation was absent in only one case. General neuro- 
fibromatosis developed in two cases, and in 3 cases a plexiform 
neuroma occurred. Nerves were found in all the tumours but the 
corpuscles were innervated in but three cases. Even in these three 
cases the evidence was not quite convincing. All the corpuscles stained 
yellowish in v. Gieson’s solution and all had lamellar structure. The 
corpuscles of the neurinomas, the pigmented naevi and of the tumours 
under discussion have a great many points of resemblance with eac 
other. They all resemble Wagner-Meissner tactile end-organs more 

than anythmg^elsCn obviously corpuscular tumours be- 
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loncins to the still rather indistinct group of pigmented nacvi neuri- 
nomas' ^rofibromas and plexiform neuromas. 'Hiey cerlamly lune 
some connection with nervous elements. 
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EXPERIMENTAL GENETIC STUDIES ON 
LEUKEMIA IN MICE 

By Georg Hogreffc. 

The heredity of spontaneous leukemia and the susceptibility of mice 
to transplanted leukemia have already been investigated extensively, 
among others, by MacDowell and collaborators and by Furth and col- 
laborators in U. S. A. Originally the experiments of which a preliminary 
account will be given here were merely aimed as a reproduction of these 
previous investigations. In the course of the present experiments, how- 
ever, a number of interesting details were met which, I think, deserve 
particular mention. 

Our material consists of hvo mouse strains — one with a very high 
frequency of spontaneous leukemia, the other with a very low fre- 
quency of this lesion — together with a number of hybrid generations 
resulting from crossing between the two strains. 

The Aka strain has been inbred through many generations, and 
originally it was brought to Denmark from Furth’s Laboratory in 
U. S. A. About 60 % of these mice, females as well as males, die of 
leukemia at the age of 6 — 16 months, most often at the age of 9 — 10 
months. As a rule the affected animals show a very immature cell 
type, less frequently a state of leukemia that may be classified as 
lymphogenous or myelogenous. In about 28 % of the cases the disease 
manifests itself merely as an enormous enlargement of the thymus, 
while in 42 % a marked enlargement of the thymus is accompanied 
by universal enlargement of the ly'mph nodes together ■with varying 
changes in the liver and spleen. In the remaining 30 % of the posithe 
cases the picture of the lesion is characterized by universal leukemic 
changes without any particular enlargement of the thymus. 

The leukemia-free strain, which we have designated as B, is not 
quite entirely inbred. Still, breeding between sibs has been so frequent, 
and the individuals employed for the breeding have been so near re- 
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lated that it is safe to reckon with a fairly high degree of homozygosis. 

The mice have been bred in this institute through many 

all this time only one case of lymphogenous leukemia has been oh 

served, besides two cases of hone tumors. 

Now the two strains mentioned have been crossed m such a way 
to give two different F, generations and two different F„ generations, 
namely by mating Aka males with B females, and B males with Aka 
females. The purpose of this procedure has been to investigate the 
possible existence of a maternal or paternal factor that may be of 
significance to the development of the disease. Furthermore, from both 
F, generations, hack-crossings to the original strains have been cai- 


ried out. 

In order to investigate the inheritance of the spontaneous leukemia, 
we have alloived a number of mice from each generation to die 
spontaneously. A thorough autopsy has been performed on all the 
mice and, w'henever practicable, microscopic preparations have been 
made. As a number of the animals are living yet it is not possible at 
this juncture to give any definite numerical data on the frequencj^ 
of leukemia in the various generations. On the other hand, a graphic 
presentation of the age-classes in w'hich the animals died of leukomia 
shows some very interesting features. 

Fig. 1 show’s a curve for the number of mice in the first filial 
generation that died of leukemia in the various age-classes, 60 daj's 
being chosen as the width of each class. Thus it is plainly evident that 
here the maximum number of deaths falls round the age class 480 — 
540 days, in contrast to the Aka strain (see Fig. 5) in w-hich the 
maximum falls round the age-class of 270—330 days. Considering 

the short agerage lifetime of the mice, this shift is rather consider- 
able. 


Fig. 2 shows a corresponding curve for the second filial genera- 
tion. Here appears to be a tendency to two maxima: one round 300 
days, i. e., corresponding approximately to the maximum for the 
Aka strain; the second round 480-540 days, at which juncture we 
found the maximum for the first filial generation 

Back-crossing to the Aka strain (Fig. 3) likewise shows a notched 
curve, but here the number of mice dying of leukemia at a youim aee 
IS relatively much greater than in the second filial generatL ^ 

relativeir^rT:-!^;^^ 
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Fig. i. 

Age-distribution of 56 Fl-mice died- with leukemia. 
Abscissa: age in periods of 60 days. 

Ordinate: number of mice. 



Fig. 2. 

Age-distribution of 48 F 2 mice died with leukemia. 
Explanation: see Fig. 1. 



Fig. 3. 

Age-distribution of 44 mice from the backcross FI X Aka, 
died with leukemia. 

Explanation: see Fig. 1. 



Fig. 4. 

Age-distribution of 14 mice from the backcross FI X B, 
died with leukemia. 

Explanation: see Fig. 1. 
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c rncilUinJi in a dislribulion curve 
On adtlUion ot these four curves, " ^ |.„,|y notched 

for all the hybrids in 

curve — as is plainly evident fiom Tig. J. 



leukemia. 


— age-distribution of 162 hybrid mice (!' 1 -r F 2 -r F 1 X aka + 
F 1 X B) died witli leukemia. 

Explanation: sec Fig. I. 


In Fig. 5, for the sake of comparison, an additional curve is 
plotted, representing the Aka mice that died of leukemia in the 
various age-classes. It will be noticed that the first maximum of 
the hybrid curs’c is identical \Yilh flic maximum for the Aka mice, 
while the second maximum coincides ivith the maximum for the 
first filial generation (see Fig. 1). 

Considering these curves, the idea obviously suggests itself that 
here we meet with a segregation in early and late cases of leukemia, 
dependent upon genotypic factors. It seems reasonable to assume 
the presence of one or more factors which honiozygously contribute 
to an early development of the disease, whereas the heterozygous 
animals preferably acquire the disease later in life. 

From the present material it further seems evident that the type 
of leukemia varies somewhat between llie different generations. This 
is indicated by the data recorded in Table 1 on the frequency of clear- 
cut enlargement of the thymus as the only manifestation of leukemia 
in percentage of the total number of cases in each generation. 


Tabic I. 

Percental Frequency of Enlargement of the Thymus: in the various 

Generations. 


Aka 

B 

Fi 

Fe Fi X Aka 

! FixB 

iMimoer ol cases. . 
Enlargement of thymus, %. . . . 

. 1 200 

. 1 28 

0 

0 

5(3 1 
7,1 1 

•IS 1 44 

10,4 1. 25 

1 bt 

1 0 


6 * 
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From Table 1 it will be noticed that enlargement of the thymus 
occurs more frequently m generations with many earlJ^ cases of iLke 
mia, even though it would not be justifiable from this to draw any 
detinite conclusion about the causal connection of this feature 
Also with regard to the distribution of myelogenous, lympho- 
genous and stem-cell leukemias there appears to be some variation 
between the different generations, as the incidence of decidedly mye- 
logenous or lymphogenous leukemia among the late cases is higher 
in Fj and Fj than in the Aka strain. 


Once the total material can be worked up, these problems will 
be dealt with more thoroughly and, among other things, by a statistical 
treatment of the material it will be investigated whether these phen- 
omena may be explained in keeping with the prevailing laws of 
heredity. 


Concurrently wdth these experiments we have investigated the in- 
heritance of the susceptibility to transplanted leukemia. Thus, on a 
large number of mice from the Aka strain, B strain and the different 
hybrid generations of the crossing we have transplanted leukemic 
tissue from spontaneous cases of the disease in the Aka strain. We 
have not employed any single continuously transplanted line, but we 
have steadily used new spontaneous cases for the transplantation. 
On this account, of course, it will not be possible statistically to 
elucidate the inheritance of the susceptibility by the segregation in the 
2’ filial generation, as the inheritance of the susceptibility to leukemic 
cells from different lines may very well be somewhat divergent. In 
this way, on the other hand, the chance of mutations appearing in 
the transplant is reduced. 

In practically all these cases the Aka mice showmd 100 % takes, 
while the B strain w’as completely resistant. Also the first filial genera- 
tion as well as the back-crossing from this to Aka showed 100 % 
takes, whereas the second filial generation on an average showed about 
60 % takes. This is in keeping with all previous investigations, which 
shows that the susceptibility of tbe animals is dependent on the 
presence of one or more dominant genes common to the transplant 
and the host. 

Our experiments have shown a ne-w feature, howmver, namely: 
that the pathologic-anatomical picture resulting from the growth of 
the transplant is also dependent on genetic factors. In the Aka strain 
as well as in the first filial generation and in the back-crossing Fj X 
Aka we always found the same picture; the transplant, w'hich ^^as 
minced before its intraperitoneal injection, gave rise to a morbid condi- 
tion completely resembling the spontaneous universal leukemia with 
enlargement of peripheral and central lymph nodes aS well as of the 
liver spleen and, in some cases, the thymus too. In contrast hereto, 
a segration was observed in the 2’ filial generaltion: In a majority 
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, • 1 + rn ^ - wfi found n toko like tlist 

of the cases — i. e., m about 60 merely a localized 

•nTtir.r’.n «.e .. 

maining cases (about 20 %) we found a condition intermediate be- 
tween the generalized form and the tumor-like growth. ^ j 

Tmong the offspring from the back-crossing F, X B we found 
only localized growth or the intermediate type. 

From this it is evident that also the way of growth is dependent 
on genotypic factors. So the question arises at once: Which are the 
factors here involved? How do the factors here involved exert the 


action? 

We have tried to find out whether the different forms of take 
might involve some difference in the degree of the differentiation 
of the leukemic cells. Among other things, w'e have measured the 
size of the nuclei in preparations from the tumors and from cases 
of universal leukemia developing from the same transplant, and in 
some cases the nuclei were found on an average to he larger in the 
localized form of the takes than in the corresponding generalized, 
indicating a lesser degree of differentiation in the former. Examina- 
tions of this kind are encumbered with many sources of error, how'- 
ever, and the results are to be accepted only with some degree of 
reservation, until a technique permitting a more exact estimation is 
available. At present we are able merely to establish the fact that 
genotypic variations between the cells of the transplant and of the 
host are decisive not only of the take of the transplant but also of 
the features of the pathologic-anatomical picture of the take. 


Summary. 

account is given of studies on the age distribution of mice 
that died of leukemia, comprising an inbred strain with about 60 % 
leukemia and in different generations of a crossing between this 
strain and the leukemia-free strain. 

T animals encumbered 

vith the strongest hereditary taint die from the disease at a younger 

g lan do the mice ■\^^th a less pronounced taint. Further also the 
type of leukemia is shown ,o be dependent on heredilarrfaclorl 
anally, mention is made of a number of transplantation ex 
p riments showing that the pathologic-anatomical features appearine 
m this way are in part dependent upon hereditary factors! 
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DISCUSSION 

Engelbreth-Holm: No abstract received. 

G. Hogreffe : It is to be pointed out that the pathologic-anatomical 
picture arising from transplantation of leukemia is quite uniform 
whether the transplanted originate from a clear-cut tumor of the 
thymus or from a generalized leukemia. Tliis indicates that in the 
AKA strain the thymic tumor is no diseases per se, separate from 
leukemia in general, but merely a particular form of manifestation. 
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CYTOLOGICAL FINDINGS IN EXUDATES 
AND TRANSUDATES 

By G. Wihinan. 

In 1936 the author introduced a new cytological method of in- 
vestigation*) for pleural exudate and ascites which will be briefly 
recapitulated. The exudate is eentrifuged, preferably in several large 
centrifuge tubes. The sediment is deposited in a small amount of 
water and transferred by means of a funnel into an ordinary raw 
sausage skin, approximately 1 dm long and drawn together at the 
lower end. This skin, which contains the concentrated exudate, is 
then placed in a centrifuge glass, partly filled with water, and its 
upper end is fastened to the opening of the glass by means of a rubber 
plug, as shown in Fig. 1. 


A-woter 



M rubber plug 



concentrated 
exudate 

sausage skin 
sediment 

Pig. I. 

The concentrated exudate in the sausage skin is then centrifuged 
len extracted and the skin tied together at a. The whole sediment’ 

it sausage skin and, since 

t consists of animal tissue, the whole of it can be submerged in 

fin ttiP embedding fluids. After embedding in paraf- 

the ^'^^uu^at can be cut like a common tissue piece and further 

ntenTIl • --ily be distinguished from s 

•» «■“ '<>** of tissue slruclure of the iuSn!,! 

) Wihman, G.; Klin. Wochenschr. 1936, 26, 926. 
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wall at the treatment undergone at the butcheries. (The raw sausaee 

skins are kept in 1 per cent solution of formalin, when the salt 
has been washed away). me salt 

This mernod gave good results and it was soon found possible 
to simplify It further. After the first centrifugation, the fluid is not 
removed altogether but a small quantity is left (0.1— 0.3 cm^) above 
the sediment. The remainder is carefully stirred with a platinum 
rod. The concentrated sediment fluid is then poured through a funnel 
at the lower end of which is fastened a sausage skin drawn together 
with a common Acwing-thread at the bottom (see fig. 2). The sausage 
skin is then tied in a knot above the sediment and the superflous skin 
is cut off. The sediment contained in the sausage skin is dropped into 
a vessel holding a 10 per cent solution of formalin for fixation. The 
preparation is thereupon embedded in paraffin, like an ordinary tissue 
piece. It is appropriate to cut off both the knots immediately before 
dipping it in the paraffin. 



The results obtained by means of this simplified process are even 
better than those of the original method. By stirring the sediment, 
a more even and better distribution of the cellular elements is ac- 
complished. 

With this simplified method I have examined a large number of 
effusions and I will now with help of microphotographs try to give a 
description of the most important forms. 
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Fig. 3. 

The uncomylicated transudate contains endotlielial cells, endothelial aggre- 
gates and a moderate amount of Ij’mphocytes and erythrocytes. 



vacuolized. ^ ^ 
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Fig. 5. 

If a transudate is complicated with a large pulmonary infarct the number 
of leucocytes increases immensely and we get a picture that cannot, morpho- 
logically, be distinguished from nonspecific empyemata. 



Fig. 6. 

davs a pronounced lymphocytosis appears and, m addition, 
- appears between the cells. 
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Fig. 7. 

If the tuberculous pleurisy docs not heal in the lynipliocylotic stage described 
in fig. 5, and deterioration sots in, polynuclear cells again ni)])ear, the fibrin 
increases and becomes more coarsely fibi’ed. 



I..,, „.o 

■»»■■« or- less amorphous intorcolh.far « 

probably consists of decomposing fibHn. 
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'Fig. 9. 

As an example of a tumor exudate here only will be shown a pleurisy in a 
case of bronchial cancer. Several pieces of tumor tissue were found in the 

sections from the sediment. 


r''0- ’■ t^’*' '•.*'-rvv.' ;'; 

■<. . i'!;’ -..,r;-.'v ’■-zzi 


Tt.-T 
ifXr • • 



! *■» ■*. W t 4}i t*. • yi. *r . !?• 



Fig. 10. 

In cases of rheumatic pleurisy the sediment as a rule contains a large number 
of eosinophil leucocytes and large mononuclear cells of uncertain Senesis. 
Sometimes one finds giant cells with 10-15 nuclei. They probably are giant 
cells of the same kind as are found in rheumatic granulomata. 
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Fig. II. 

In rare cases of rheumatic 2 >lcurhy also larger aggregations of cells are found. 
Their centre is in v. Gieson stain distinctly rod. How these aggregations are 
formed is not fully known. Possibly, in severe cases of rhouniatic ulourisy. 
excrescences are formed on the pleural surface looking like papillomata and 
of similar kind as in rheumatic pericarditis (sec fig. 11) and in rheumatic 
polyarthritis (sec fig. 12). If such excrescences fall off and are cut through, 
cellular aggregations of the above kind may possibly appear. 



Pericarditis with 


Fig. /2. 

numerous papillomatous excrescences 
(after E. Kaufmann). 


in 


the healing stage 
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Fig. i3. 

Knee joint in a case of polyarthritis showing papillomatous excrescences in 
the synovialis (after H. Bergstrancl). 
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discussion 

IpedalToLuud^ ‘'‘''7‘?\oUicirspc^^^ 

sediment and separated in different layers according to their spccil c 
weight. This brings about a differentiation of the cells in the sec • 

blood cells separate from epitbclial cells and, as a rule, ma ignanl cel s 
from benign ones. Tbc construction of the tube allows the scdimcn 
to be removed without disturbing Ibe layers, so that after the histo- 
logical treatment the cells keep their place in the layers — also when 
mounted on slides. 


Technique: In the ward, to the specimen- of fluid is added KBrO^ 
to make 0.6 %. This stops the proteolytic processes in the cells, giving 
thus a preliminary fixation. 

If the volume of the specimen is over 10 cc., it is ])laccd in a 
tapering glass and left standing at a temperature of about 10" for 
20 min. Then 10 cc. is transferred from the bottom of the glass to 
the above-mentioned centrifuge tube (sec Fig. 1), which is turned uji- 
side-down a few times for the sake of equal distribution. Now one 
drop of Duboin’s fluid is added (20 cc. saturated sublimate solution, 
5 cc. glacial acetic acid, 1 cc. formalin) and allowed to sink to the 
bottom. A heavy white precipitate is formed on the bottom cork. If 
no precipitate appears (absence of albumin), 0.5 cc. scrum is added 
to the contents of the tube, and, after .shaking, a new drop of Duboin’s 
fluid is added. Then centrifuging for 10 min. at a rate of 3500 revolu- 
tions per min. On removal of the bottom cork, the centrifugate comes 
» along without any harm being done to it; and by placing a finger on 
the small glass tube that perforates the upper cork, the fluid will 
remain in the tube (sec Fig. 1). The centrifugate, which readily is 
detached from the bottom stopper, is now transferred to Duhoin’s 
fluid, in which it undergoes the final fixation for V- hour, after this, 
the usual histological treatment, with’ embedding in paraffin. The 

blood IS cut m sections in the longitudinal direction of the prepara- 
tion. ' * 


The advantages offered by this method, besides its simplicity is 
fixation of the cells. Through their difference 
specific weight, the epithelial cells arc kept separate from the blood 

terig[°cdif "■"i "f 






The tube, after centrifuging, with the centrifugate on the bottom cork, and 
its removal from the tube (the rest of the fluid remains in the tube). Final 
fixation in a dish containing Duboin’s fluid. 
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FROM THE DEPARTMENT OF GENERAL PATUnr nnv .-n 
CAROLINE INSTITUTE, STOCKHOLlf^^ 


HYPERTENSIVE VASCULAR CHANGES IN THE EYE 

By Hilding Bcrgslrand. 

In 1929, Volhard suggested that those changes in the fundi which 
can be observed in cases of glomerulonephritis should be called angio- 
spastic retinitis instead of albuminuric retinitis, as earlier. It was his 
opinion that such changes are brought about by contraction of the 
retinal vessels and are due to hsTDoxaemia. This should also hold good 
in eclampsia . and in essential hypertension wuth or without renal 
lesions. He opposed the former theory that retinitis w'as 'caused by 
some toxic substance. 

Volhard’s theory has, to a great extent, been accepted, with the 
exception of a number of debatable points. Thus, Friedenwold (1930) 
is of the opinion that retinitis in essential hypertension is ahvays due 
to organic changes in the vessels, and he states that he has never 
seen any concentrations in the arteries. Furthermore, it is clear that 
all changes can not be regarded as a result of hypoxaemia. This 
is particularly applicable to the papillary stasis wliich is so charac-' 
teristic of essential hypertension. 

Volhard’s theory has the great advantage that it gives a common 
explanation of the similar changes in diseases' as dissimilar as ec- 
lampsia, chronic glomerulonephritis and essential hypertension with 
or without renal disorders. 

As regards eclampsia, it is clearly indicated that contraction of 
the vessels can be the cause of retinitis. It has been observed how in 
young, previously completely healthy w'omen the eclamptic attack 
is accompanied by a more or less pronounced narrowing of the arteries 
of the retina and the appearance of exudate and haemorrhages. The 
lesions are regressive and can disappear entirely after parturition. 
This has been demonstrated hy Mylius by means of photographs of 
the fundi taken before and after parturition. Such changes can at 
times be observed without concurrent clinical symptoms from the 
kidneys. 

Contraction of the arterioles of the fundi has also been observed 
in glomerulonephritis. Wagener is even of the opinion that it is pos 
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siblc lo differenliate between albuniimiric ^"ef sclm 

phritis and in essential hypertension sn.ee u lUc o c c 

the vessels is not present. In 

be a contraction. Whether this is correct or not, I ^ _ 

to assert, since I have had insufficient malcnal at in> disposal 

investicatc the question. „ 

Statments in the literature on this matter arc very Yat,uc. Gar- 
steSr says, however, in 1937, that he had found falty deposits in 
the vessels of the retina in gtoineruloncphrilis. but he gives no clinita 
histories which make it possible lo ascertain the diagnosis. A nuinher 
of the patients were, however, very young. 

As mentioned above, the cause of the changes in essential hyper- 
tension is the subject of controversy. A nninber of authors, however, 
state definitely that they have observed localized narrowings of revers- 
ible nature in the arterioles, which they consider lo be due lo contrac- 
tions. Cans in 1944 thought it is possible lo differentiate between a 
contraction and an organic lesion in essential hypertension by means 
of the appearance of the arterial reflexes. I shall return to this question 
of reflexes later. 

Before I describe the changes in the vessels, I nnisl say a few 
words concerning terminology. As it is known, the central artery of 
the retina divides at the optic disc, or just before il, into a superior 
and an inferior branch which in turn divide, on the surface of the 
disc, into a temporal and a nasal hr.anch. In the Icxlbooks of anatomy, 
these branches are called respectively arleriola superior and inferior, 
temporalis et nasalis. Their structure is that of aricriolcs, with very 
few muscle fibres in the walls, dc.spilc their .soincwhal considerable 
width. Friedenwold, however, wishes to call the above mcnlioncd ves- 
sels arteries up lo their first division, and thereafter arterioles. For 
the sake of convenience, in this paper, all these vessels will be re- 
ferred lo as arteries. 

In the examination of the eyes of patients who have died of es- 
sential hypertension, we arc immediately struck by the fact that the 
arterial changes in the choroid arc far greater and earlier dcvcioiied 
than in the retina. Several authors have observed this fact. 

these changes of the choroidal arteries arc of proliferative or 
degenerative nature and show widely differing pictures. In some 
the changes m the mtima are most pronounced, in others those of 
e me la or the adventitia. In the inlinia considerable proliferation 

The thickened ml, me is otlen - but not ahvavs _ iaifined 1„ fX 

mXepLSf'aXmrX"''' "T’ '“''=i«''»lio"- I-iPi'li'c 

^ X . uncommonly seen in the fatlv dennciic mm 

lion'^n^thri*^' slmws degenerative changes in the form of hval'inizr 
t'on, and the hyalmised tissue orien stains like fibrin ( 1 '^ , ) u 
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can also give positive staining tor tat. Such severe changes can he 
observed avrthont thickening ot the inlinra. Changes in the advenlitb 
appear in the form of an increase in the number of nuclei. This is 
especially apparent if the vessel shows, an aneurysmal bulging, as is 
sometimes the case (Fig. 2). Such increases in the cell nuclei have 
been demonstrated earlier by Kernohan, Anderson and Keith in many 
organs, amongst others in the skeletal muscles. 


Of all these changes, only a number are simultaneously found in 
the arteries of the retina. As a rule, the preparations stained for fat 
give the most positive results. A considerable fatty ebange in the 
retinal arteries is often found without any remarkable changes being 
observed with ordinary staining methods in paraffin-imbedded prepar- 
ations. It is remarkable that this fatty change spreads into the very 
fine branches (Fig. 3). The elastic fibres do not, as a rule, show any 
proliferation, nor has the present writer ever seen any hyalinization 
with fibrinoid degeneration, as in the choroidal arteries. The adventitia, 
however, at times show's somew'hat considerable increase in tbe number 
of nuclei, and this is of particular interest since it explains the Salus- 
Gunn phenomenon. The Salus phenomenon, w'hich in Anglo-Saxon 
literature is know'n as » arteriovenous constriction« or » arteriovenous 
nicking« consists, as it is known, in the disappearance of a blood 
column in the vein at an arteriovenous crossing, before the former 
reaches the artery, and reappears a short distance on the other side 
of the artery. It was formerly assumed that this was due to pressure 
on the vein by the artery. It is nowadays evident that the explanation 
is to be found in a thickening of the adventitia common to the artery 
and the vein, w'hich makes the vein invisible for a short or long 
stretch. If the stretch is long, the Salus phenomenon is present. If 


it is short, it is the Gunn phenomenon, in w'hich the vein is invisible 
at the actual crossing in front of or behind the artery. I have had 
the opportunity of examining such a crossing and found a very 
con.siderable increase in the number of nuclei in the adventitia, precise- 
ly as around an aneurysm in the choroid (Fig. 4). Such pictures can 
also be seen at the crossing af arteries and veins in the cerebrum, 
if the arteries show' arteriosclerotic changes of a similar kind. Thick- 
ening of the adventitia of the retinal vessels has been observed by 
several authors, and Wagener (1937) goes so far as to consider that 
this is the principal cause of the ophthalmoscopically observable 
changes in the vessels in essential hypertension. This is, in my opinion, 
undoubtedly incorrect. 

It is, however, not only in the form of the Salus-Gunn phenomenon, 
but also in many other W'ays, that the proliferative and degenerative 
changes described above are shown in the ophthalmoscopic picture. 
The correlation is, however, very uncertain, since only few authors 
had the opportunity to make microscopical examinations of retina 
arteries, which were under observation during life. 
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U„.„r norma. conrliHona, only Ihc 
rvalls or lh= vessel, are seen. "8 i„u,„n, 

and Hcggic, a blood column can, due ^ „„iieoably 

be narrowed wilboul Ibc transparency of Ibe \cbsel g jvf 

dranged The cells of Ibe inlima do not then show any f eg nerali ^ 

changes. When fatly change occurs, the walls ! ,,c, 

surrounding the narrow blood column and wlial is called ^parallc 
shcalhing« is then present. With considerable fatty change the ^e.s^ 
becomes opaque and the blood column disappears and wc ha%e so- 

called »pipe-slem sbealbing«. _ , 

The reflex streak, which normally occupies one-fourth to onc-lhnd 
of the width of the column of blood, is altered when thickening of 
the walls occurs. It is considered that the normal vessel reflex is due 
chiefly to light reflected from the blood column and, to a lesser 
degree, from the wall. If the wall thickens, the blood column narrows, 
but the reflex increases in breadth and intensity, since the wall 
component gains increased significance. In extreme cases, we have 
pictures of arteries which have been likened to silver wire. 


If the narrowing of the artery depends on a contraction only, the 
reflex diminishes, on the contrary, in breadth and intensity. Cans 
(1944) thus asserts that, by means of the appearance of the arterial 
reflex, it is possible to differentiate between a narrowing caused by 
contraction and one caused by thickening of the wall. Both kinds 
can occur in essential hypertension. 

The sclerosed arteries, however, often show yet another opthalin- 
oscopic change which is difficult to explain. They can thus be straighlcr 
than is normal and can branch at sharp angles. This has been ex- 
plained as a result of a shrinking of the ncwly-forincd tissue in the 
vessel in a longitudinal direction. 


Finally, it should be mentioned that arteriosclerosis in the retinal 
arteries can take the form of a dilatation of the vessel. The arteries 
then become more sinuous and wider than is normal. The blood stream 
is visible through the comparatively thin wall and gives rise to a 
metallic reflex. The artery then has the appearance of a cojipcr wire 
1 he sclerotic changes in the retinal arteries arc characterized as 

tael 11, at 11,0 Cangos arc localiacl only 1 „ ccrlain scclioi.s cl ll,o 

vessel in an irregular way. 

The results of the hypoxaemia which is brought about bv Iho 

- 80 . a;::^:„t..;::roL'rr:"L?,r)r'' 


Umla. Those are oilhor .s„ru, 

smaller, »hard<r wel ’de'r T" f considerable size, or thev are 
the macula. ’ ^ star.shaped, groujicd around 

Microscopic oxa, nil. alio,, „r i„„ ,.oli„a reveals a her of ehaages. 
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but is is not clear how these are to be correlated with the oplhal- 
mological picture. They are partly degenerative and partly exudative 
in character. The degenerative lesions are partly varicose swellings of 
the nerve fibres (Fig. 5) arranged in groups, by which the layer of 
nerve fibres becomes locally considerably thickened, and partly by 
the appearance of fat, particularly in the inter-nuclear layer. The 
fat is either in the form of small droplets, on the fibres of ^iuller, 
or as large, shapeless extracellular masses or inside large fat-macroph- 
ages (Fig. 6). The pigmented epithelium can also show fatty change. 
Hyaline masses can he observed in the outer nuclear layer. These 
stain like fibrin (Fig. 5). It is difficult to decide whether these hyaline 
bodies are due to fibrinoid degeneration of the tissue or a fibrinous 
exudate. Fibrin appears further in the inter-nuclear layer as threads 
arranged in basket-shaped aggregates. It is clear that in the latter 
case it is a fibrinous exudate. The formation of oedema can cause 
a separation of the tissue elements, particularly in the inter-nuclear 
layer. Small haemorrhages can occur in all layers (Fig. 5). 

In general it is considered that the hard white spots consist of an 
accumulation of fat and hyaline masses. No investigations show that 
these changes so widely differing anatomically appear different on 
opthalmoscopy. There are, furthermore, no statements that the changes 
in the nerve fibres should manifest themselves in any particular way, 
which could perhaps be expected. 

The so-called cotton-wool spots must be caused by oedema and 
not by fibrinous exudation. Such quantities of fibrin that they could 
correspond to these spots are not to found. 


Summary. 

The author describes the histological changes in the vessels of the 
choroid and the retina in essential hypertension as well as the seconda- 
ry changes in the retina. 


REFERENCES. 

V Bahr, G.: Retinopathia bypertonica. Nord? med. 1942, 14, WOl 
Ballantyne, A. J.: The evolution of retinal vascular disease. Tr. Opth. Soc. U. 

Kingdom. 1937, 57, 301. • „ 

Ballantyne, E. J., Michaelson, I. C. cfc Hayyie, J-’ Vascular changes m the 
retina, optic nerve, brain and kidney. Tr. Opht. Soc. U. Kingdom. 

Berrjlund^H'.: Hypertensiva tillstand med aterverkan p5 ogonbottnarna. Nord. 

Bjorh^rf JlTmodynaml factors and retinal changes in hypertensive diseases. 

Apf'} TYiGcl Scfludin&v., 1946^ \tDf sxippl. ^ nn/i 

Cnsick, P. I. & Hcirell, IF. E.: Retinal artenolar changes as part of an induce 
general vasospastic reaction. Arch. Ophth. 1939, /S, 110. i 

Ehvyl H, Circulatory disturbances in retina in arteno^ckrosis and - 

sential arterial hypertension. Arch. Opht. 1939, 21, hd. 



Artery in the choroid of u f6-year-old woman suffering from mulignatit 
ncplirosclerosis, wlio died of cardiac insufficiency. If. P.: ‘.,'80/1.00. Star-sliaped 
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number of arteries (see Fig. G). Ilannatoxylin-biosin. 
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Fig. 3. 

Fatty change in a fine arterial branch in the nerve fibre layer of the retina. 
Up to the left, the nerve fibres are swollen. 60-year-old woman, who died of 
cardiac insufficiency due to essential hypertension. Weight of the heart 720 g. 

Haematoxylin-Scharlach R. 
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Picture of retina of a 45-year-old woman Avho died of uraemia owing to 
malignant nephrosclerosis. 13. P.; 250/115. Up to the rigid is scon a thickening 
of the retina due to varicose swellings of the nerve fibres in the nerve fibre 
layer. Below, an increase in breadth of the inler-nucleai- layci’ owing to 
oedema and haemorrhages (the red corpuscles are coloured red). To the left 
in the outer nuclear layer throe hyaline bodies, which arc also red, owing 
to the fact that they consist of fibrin. Mallory. 
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DISCUSSION 

Fredrik Berg: Professor Bergstrand mentioned that the vasoreflex 
is assumed to arise at the border surface between the vascular wall 
and the blood plasma. I will have to admit that I have never tel 
convinced about the correctness of this view. If a reflex is to arise it 
requires both a smooth border surface between two media and also 
a not all to small difference in the index of refraction for the tvo 
media. This requirement is met, above all, by the elastica o i 
vascular wall. Also certain ophthalmological observations indicate that 
the elastica is the site of the origin of the vasoreflex. 

In the continued investigations on the correlation between o]^ 
thalmoscopic and histological changes in retinal vessels it ‘1™ ^ 
if the attention focussed on the question about the anatomical founda 

tion for the vasoreflex. 





I CHRONIC GRANULOMAS IN THE ALIMENTARY 
TRACT CAUSED BY MINUTE MINERAL 
PARTICLES 

11. »BOECK’s DISEASE« AND OCCURRENCE OF 
MINUTE MINERAL PARTICLES 

(Preliminary report). 

By Olav Bcfvem. 

I. 

A series of conditions in the alimentary tract, such as gastric or 
intestinal cellulitis, regional enteritis, anal abscess, or anal fistula, 
have been regarded as foreign body reactions, isolated, or combined 
with a bacterial infection. Some investigators even hold that a large 
percentage of the cases diagnosed as ileocoecal tuberculosis, especially 
the hypertrophic varities, actually are foreign body granulomas. Tlie 
sluggish passage in the distal part of the ileum and in the ampulla of 
the rectum should favor implantation in the intestinal wall and thus 
explain the prevailing localization in these regions. The presumption 
of a foreign body etiologj' in these cases is supported by few observa- 
tions and mainly by theoretical deduction from this sparse material. 
Better methods for direct demonstration of foreign bodies in histo- 
logical preparations will greatly improve our diagnostic results. 

For this purpose the polarization microscope has been used system- 
atically in a series of cases. In routine studies the polarization micro- 
scope has mainlj' been used to detect cholesterol crj'stals. Tliis is 
probably due to the fact that the possibility of mineral granulomas has 
previously not been sufficiently considered, even wdiere tlie type of 
inclusion bodies in foreign body giant cells has been widely discussed 
(Erdmann and Burt (1933)). Henschen (1924), howmver, used the 
po arization microscope to demonstrate foreign bodies in anal fistulas. 
He did not find any mineral particles, but found plant particles, oil 
droplets, mucous material, hairs, threads, etc. German (1943) and 
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others have demonstrated talcum particles as the cause of postoneralivo 
peritoneal granulomas and adhesions. Gardner (1937), in animal pv 
periments, has shown that injections of silica in varying amounts 
and varying size of the particles may cause pictures resembling the 
different histological manifestations of tuberculosis, including forma- 
tion of Langhans’ cells and caseous necrosis. It has been observed 
repeatedly that long continued inhalation of quartz dust may cause 
pseudotuberculosis, not in the lung only, but also in other organs. 
Elstad & Stenvilc (1946) found the same for olivine dust. 


Professor Kreyberg has placed the archives of his private histo- 
logical diagnostic service as well as the material of the University 
Institute of Pathology during the years 1935 to 1946 at my disposal. 
Because of service with the Armed Forces, Dr. Kreyberg has not been 
personally responsible for the diagnosis from 1940—45. The material 
selected for the present investigations consists of 209 specimens from 
the alimentary tract. Based upon the histological diagnoses, specimens 
from the following conditions were selected: Foreign body granuloma, 
granulation tissue, subacute and chronic non-specific inflammation, 
and chronic specific inflammation, as well as cases regarded as definite 
tuberculosis, the latter mainly from the ileocoecal and ano-rectal 
regions. Relatively few cases of non-specific inflammation of the ap- 
pendix were included. Ulcus simplex vqntriculi et duodeni were entirely 
excluded. 

Most of the sections examined were the original slides, stained 
after Masson’s hematein-erythrosin-safranine method. In a few cases 
new sections were cut, if the origirtal section was not satisfactory. 
The tissue material was not cut in series. Only single sections were 
examined. The number of foreign body granulomas discovered in the 
material, therefore, represents a minimum. 

Where the foreign bodies are few and very small, the differentia- 
tion from smudge may he very difficult, and in pus practically impos- 
sible. To be accepted as a causative agent, the particles must be situated 
exactly in the same plane as that of the tissue, and be electivelj 
localized to, and naturally embedded in the pathological tissue. The 
cutting process may, however, cause solid particles to be displaced 
from their original site. Foreign bodies embedded in, or surrounded 
by giant cells, or within a cluster of leucocytes surrounded by fibrous 
tissue, are characteristic features. The main problem is to decide i 
the presence of the foreign bodies can explain the whole or part ol 
the clinical picture. 

Amanuensis of the mineralo-geological department of the Museum 
of Bergen, Kvale, Ph. D., has identified the substances as far as pos- 
sible on the basis of their refractive properties. Certain errors in tins 


type of diagnosis are evidently possible. 
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Resnils. 


Nature of inflauinialory 
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') Of these cases -i prosonted a coincidonre of tuberculosis and foreign 
body inflammation. 


Tabic I shows lhal foreign bodies were found with ccrlainly hi 
53 out of a total of 209 cases examined. Where foreign body reaction 
had previously been diagnosed, i. e., in 10 cases, 11 eases gave a posi- 
tive reaction to polarized light and 3 of Ihc remaining eases gave an un- 
certain reaclion. In 82 eases, diagnosed as granulalion lissuc, snhaculc 
or chronic inflaininalion, minute foreign bodies visible with the 
polarization microscope were found in 30 eases, i. e., in til least every 
third ease. In (he series diagnosed as chronic sjiccific inflammation, in- 
cluding tuberculosis, foreign bodies, as described, were found in 13 
out of 111 specimens examined; 4 of these 13 eases, however, re- 
presented a coincidence of lultcrculosis and foreign body inflamma- 
tion. 


Table II gives further details as to the occurrence of foreign bodies. 
As will be seen from table I and table 11, the ])ossibilily of a foreign 
body reaction had in some instances l)ccn stressed or discussed \n 
the original report of the ease. 


Table III shows the regional dislribulion of the eases. One will 
find, as might be expected, the liighcst incidence of foreign bodies in 
the ano-rectal region. In 34 per cent of all the ano-roc(al specimens 
examined, foreign bodies were found, and talcum rcprcscnlcd 75 % 
of all the foreign bodies in this region, llus is mainly due to llic 
high incidence (40 per cent) of foreign bodies in abscesses and fishilas. 
Foreign bodies may also he found in polyps, infillralcs, and ulccra- 
tions in the ano-reclal region. Contrary to expectation, only 2 out 
diagnosed as rluherculosis possible^ were foreign body 
g anulomas, and of these two, one involved a fistula. In llie rest of 
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Fistula ani. Histological diagnosis; wChronic inflammation. Probably foreign 
body rcactionw. In polarized light: Mineral granuloma, probably 
caused by talcum. X 100. 



Fig. 2. 

A perforating tumor, the size of a tomato, in the jejunum, regional enteritis. 
Histological diagnosis; »Tuberculosis«. In polarized light: Mineral granuloma. 
Substance not identified. X 100. 
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Boeck’s sarcoki? 

Lues? 

Lymphogi'anuloma vcner.'? . . 


3 2 

9 1 

3 0 


0 

f) 
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•) In this number no case iircsentinp both luliorciitosis niul foroi;,'!) body 
inflammation is included. 


the alimentary tract the average foreign hotly incidence was 20 per 
cent, of which nearly one half caii.scd hy talcum. One has not 
been able to confirm the suspicion that cases diagno.scd as ilcococcal 
tuberculosis to a large extent might actually have been foreign body 
granulomas. This was found in 2 out of 31 eases only. The incitience 
among the abdominal fistulas (4 out of 9) and iteriloncal adlicsions 
(6 out of 8, of whicli one svith a coincident peritoneal lui)crculosis) 
is remarkable. In one case an orange-sized tumor of the colon a.s- 
cendens (regional enteritis) was due to large masses of cotton. A 
similar finding in the jejunum is demonstrated in fig. 2. 

As to the nature of the foreign bodies (table III), the incidence of 


talcum granulomas is important, and it is in no way related to the 
chance of peroral ingestion of this substance. About two thirds of the 
»talcum fistulasK in the anal region occurred in men. Thu.s it cannot 
easily be regarded as lo lie connected with Ihe use of facial or dnsling 
poiyder. Talcum deposited at the rectal wall as a result of a digital ex- 
amination is a far more reasonable explanation. The lalciim un- 
doubtedly is of imporlance for initialing or maintaining, an inflam- 
matory condition. The demonstration of minerai particles in two cases 
ai ominal fistula siipporl this view. Both cases occurred afler an 

doStedh o”r-" peritoneal adhesions un- 

oubtedlj originates from the rublicr gloves. Manv surgeons do nnl 
even caro „„ 
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Table III. 

The regional distribution of foreign body gi-anulomas of the alimentary tract 
caused by material visible in polarized light. Nature of the foreign bodies 
(certain findings) as identified by their refractive properties. 
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not all the talcum is removed from the surface of the gloves 

review concerning ...c 

talcum problem, is given by f lymphogranuloma- 

0.^. .e.o„.raie. 


Hietoiosicn. seciions iro. n.„ni 

isease of the lesions. In the course of 

liopsy material from o observations were made: 

his examination some interesting onser^d 
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Ftg. s. 

PostoperatiYe intestinal adhesion. Histologically; , .Chronic infl^ammation with 
foreign body reaction«. Talcum granuloma. X 100. 

1. In a male, aged 77, an ulcerating tumor, the size of a cherry, was lound 
on tlie lower lip. The ulcer liad lasted for half a year and' was clinically 
regarded as a carcinoma. Four plum-sized submandibular lymph nodes of 
a firm consistency were removed. The histological diagnosis Nvas »Boccks 
sarcoid? Chronic benign tnberciilosis?« In the polarizing microscope doubly 
refractile particles, recognized as calcareous spar, could be seen in the middle 
of some of the nodules, partly embedded in giant cells. Further clinical data 
from this patient are unfortunately missing. 

2. In a woman, aged 68, the diagnosis Boeck’s sarcoid w'as made, based 
upon typical changes in the lungs with bilateral adenitis of the hilus, signs 
of previous iridocyclitis, foci of degeneration in the eyeground, a persistent 
negative Mantoux’s test (with human and with chicken tuberculin 1 mg), 
and, finally, typical changes in a lymph node of the neck, the latter diagnosed 
as JiTuftcrculosfs? Bocck's sarcoid?« In the description it is also remarked 
that the giant cells are ..extremely large« and contain a blue-stained deposit, 
a feature some investigators consider a histological characteristic of Boeck’s 
disease. In polardzed light glistening particles are seen, partly in, partly close 
to the giant cells, some particles in direct contact with the blue-stained 
deposit previously mentioned. 

3. A farmer, age 55, suffered from a disease diagnosed as Boeck’s disease 
with multiple localizations (skin, Ijunph nodes, lungs, parotid glands, epididy- 
mides, eyes, metacarpal and finger bones) and of several years duration. The 
skin nodules, not quite typical resembled clinically a papulonecrotic tubercu- 
hde. Pir^et’s reaction \vas positive, and he had a tuberculous fistula of the 
neck. T B. could not be cultivated from the expectorate. Animal culture and 
inoculation from a large inguinal lymph node were also negative. Sections of 

1 gland, skin plaques from arm, leg, and zygomatic region, presented the 

Atti path. Vol. XXV, 1—2 
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usual histological picture of Boeck’s sarcmVl Tha • 
bursitis developed in the trochanteric region and Ew/'"' 
a lapid and considerable regression of the exanthema LTtl by 

lymph nodes. A bone focus in the trochantei w!? ^ *1 swelling of tlie 

bacteriological and histological examination revealed"^ ^ removed, and 
examination, 9 yoaia later, shows that the ex.„:,“l'a T.rct"e,S™£ 




Fig. 4. 

Section from inguinal lymph node in a patient with »Boeck’s disease« and 
coincident tuberculosis. Histological diagnosis: »Boeck’s sarcoid«. Detail photo 
taken in polarized light clearly shoAvs mineral particles, identified as cal- 
careous spar. Fig. A X 60. Fig. B X 200. 

appeared. The pulmonary changes and especially the swelling of the lymph 
nodes are considerably reduced. After the operation a fistula has developed 
in the trochanteric region. Proteinuria and slightly impaired renal function 
still persist. There is no gross destruction of the kidney according to x-ray 
examination. Tubercle bacilli could not be cultivated from the urine or from 
the contents of a gastric lavage. Kveim’s reaction has been positive for five 
WGGkS 

The especiall 3 '^ interesting feature of this case is the finding of minoial 
particles (calcareous spar -f quartz) in the previous biopsies: in the skin 



Fig. 5. ... 1 

Section from the nasal mucosa in a patient with Boeck’s disease, mstological 
diagnosis: »Boeck’s sarcoid«. Probably talcum granuloma. X 100. 


plaques from the face, tlie arm, and probably also from that of the leg. Also 
the large inguinal lymph node contains considerable amounts of calcareous 
spar (no quartz) in and around giant cells, and, as in case 2, partly in direct 
contact with the blue-stained deposit ((fig. 4). At the control examination 9 
years after the original biopsies were made, a biopsy was taken from a 
conjunctival nodule, from the nasal mucosa, and from lymph nodes in the 
axilla, but there was no evidence of specific histological changes or mineral 
particles, the axillary lymph nodes having been converted into a fibrous 
tissue. 

4. A man presented a typical case of Boeck’s disease with multiple localiza- 
tions. Biopsies were made from several of the lesions, and all of them were 
histologically diagnosed as Boeck’s disease. By examination in polarized light 
a section from a nodule of the nasal mucosa was revealed as a foreign body 
granuloma, probably caused by talcum (fig. 5). In biopsy material from other 
lesions, however, no foreign body could be demonstrated. 

5. Examination of excised papules of Kveim’s reactions has in a few' 
■instances revealed a crystalline substance in the centre of the specific(?) 
histological lesions (fig. G and 7). These crystals probably w'ere introduced 
w'ith the antigen. Their origin is uncertain. They may' have been in the tissue 
from w’hich the antigen w'as prepared, but, more probably, they are artefacts 
from the grinding of the tissue. 


6. In addition, a clinical observation concerning the same problem- 
iwo ryorkers m a factory of rubber articles had been much exposed to 
inhalation of chalk powder. They both presented roentgenological chances 
m the lungs resembling those seen in Boeck’s disease. The Pirquet’s and 
tests tvete negative in one of the patients. The other pSt S 


8 * 



Fig. 6. 

Skin section from papule developed after injection of antigen (Kveim’s re- 
action). Histological diagnosis: »Chronic specific inflammation with necrosis«. 

X 100. 



Fig. 7. 

Same section (fig. 6) in polarized light. In the left lower corner a large 
crystalline particle in a giant cell, and in the nodules very small douW} 
retractile bodies can be seen. In the centre a cotton thread (m the Canada 

balsam). X 100. 
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in 1936 a IJ^cteilologically and histolo^^^^^^ rnfmUiairinfnS 

sacral joint with positive Pnq negative to Pirquefs and Mantoux s 

SS'Ti,."™ 2crc,S“Ss^.'ca as BoacU's seise, palneonary 
form.*) 


Discussion. 

In 4 patients presenting lesions with the histological picture of 
Boeck’s sarcoid, crystalline material has been found in the nodules. 
At least 3 of these 4 patients presented also the clinical picture of 
Boeck’s disease (cases 2. 3. 4). Tlie fourth (case 1) presented a 
histological picture very similar to the Bocck lesions, hut the clinical 
data of this patient are very inadequate and do not permit a clinical 
diagnosis. 

In one of the definite Bocck cases (case 4) mineral particles were 
found in one lesion only, idz. in the nasal mucosa. In the two other 
cases with a clinical and histological picture of Boeck’s disease, the 
presence of foreign bodies cannot easily he dismissed as accidental. It is 
possible that in these cases a more or less generalized systemic disease 
caused by mineral particles has developed. This disease niaj' be an 
independent entity presenting a more or less complete picture of 
Boeck’s disease and constituting a certain number of the cases usually 
diagnosed as Boeck’s disease. 'Tlie experimental findings of Gardner 
(1937) and Elstad & Sienvik (1946) add evidence to the explanations 
given in this presentation. If this theory is accepted, it will he pos- 
sible to explain the sj’mptoms presented by the two workers in the 
rubber factory, mentioned in paragraph 6, above, as caused by inhala- 
tion of chalk-dust, which is chemically the same substance as cal- 
careous spar, only amorphous. In the other cases presented above 
information about exposure to mineral dust was available in case 3 
only, the patient being a landworker partly employed in a peal drj-ing 
factory and so exposed to large amounts of peat dust. 

An additional case (skin infiltration) would have been described 
as Boeck’s disease, had it not been for the information of a spurt of 
stone particles against the site of the lesion. The hislorv led to the 

verJtimilnr'fn ir'n"’ 8r.™nlom,is 

fol lowing question arises: Is it possible to explaii/a certain 

from the mSSaf'deSrtemenf B ofTlfJ'umve I’‘'^t>ents 

very much indebted to the chief mofessoi^H \ is 

mission to use the material. ' ’ ' ‘ ^f-D., for his per- 
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number of cases of »Boeck’s disease« as a more or less generalized 
toreign body reactions, in cases limined to individuals with a special 
mode of reaction? The etiology may in such instances be regarded as 
polymorphous, or connected with certain specific substances. On the 
basis of the calcareous spar particles found in the lesions, it may be 
of interest to consider the chance of exposure to this substance. It is 
a well-known fact that people living in the country are preferably 
attacked by Boeck’s disease, especially farmers, gardeners, etc. Lag, 
at the Norwegian High School of Agriculture, points out that the soil 
in cambro-siluric regions may contain particles of calcareous spar, 
with diameters of only a few microns, which may be whirled up as 
dust and thus be inhaled. Furthermore, lime fertilizers contain a 
mixture of quick-lime and lime-stone, i. e., calcic carbonate. This 
substance may be inhaled and thus be deposited in the air passages 
and in the lungs, or other places, and cause localized forms of Boeck’s 
sarcoid. Through lymphatic and hematogenous spread the particles 
may produce a more generalized disease. That mineral particles are 
not more constantly found in the Boeck lesions may be due to the 
circumstance that they are responsible only in a limited number of 
cases. But the explanation may also be that extremely small quantities, 
which may easily be overlooked in microscopic examination, are suf- 
ficient to cause changes in a sensitized (?) or even normal, organism. 
Or the material may successively be removed, dissolved, or converted 
into amorphous, non-injurious compounds, cfr. the amorphous in- 
clusion bodies in giant cells (calcareous deposits?). This last feature 
may explain the involution of Boeck manifestations occurring in some 
instances. Regression coinciding with an active tuberculous phase have 
also been observed. Perhaps this may be caused by a change of the 
surrounding tissue milieu, rendering it able to neutralize or convert 
the irritant agent. In case 3, considerable lesions regressed in the 
course of one year and a biopsy 8 years later did not reveal charac- 
teristic histological changes, nor mineral particles. 

It is possible that the so-called atypical and slightly virulent species 
of tubercle bacilli, which are proposed to be responsible for some 
nf Boeck’s disease, and which cannot be cultivated, actually are 


Summary. 

I. 

Material representing various chronic inflammatory 

the alimentary tract was examined m polarized light in ord 

out it the causative agent might, in some cases he f»™S" 

especially minute mineral particles. In at least 53 out of a tola of 

„ ^ • A • n. npr cent such foreign bodies were found. 

209 cases examined, i. e., 25 per cem, sueu lux ^ lis- 

The incidence was highest in the group consisting of granulation hs 
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sue and snbacnle and aluonic non-spccitic ‘j;;: 

cent Also among cases originally registered as cliionic ' 

flammalion including tnbcrculosis, however, the number ot foreign 
body grannlomaa was significant (12 per cent). Four ca e,s Ibo gb 
represented both tuberculosis . and foreign >’“‘’5'. 

62 cases with a »definite diagnosis of tuberculosis®, 4 (i. c., p 

actually were foreign body granulomas. 

As might be expected, foreign bodies were especially found in 
specimens from the ano-rectal region, viz. in 34 per cent. Contrary to 
expectation, foreign bodies were demonstrated only in a few sections 
from the ano-rectal and the ilcocoecal regions diagnosed as tuber- 
culosis. Foreign bodies, mainly talcum and cotton particles, were found 
in most of the cases of abdominal fistula and peritoneal adhesions. 
Especially interesting, in 2 cases of regional enteritis, was the oc- 
currence of mineral particles, and cotton, respectively. This will sup- 
port the theory of a foreign body etiology in such conditions. 

The particles were identified bj' optical analysis. Talcum was the 
agent responsible in 60 per cent of all the foreign liody granulomas 
found in the alimentarj' tract. This was mainly due to the liigb in- 
cidence of talcum granulomas'in the ano-rectal region, a fact which is 
most reasonably explained by the digital examination with powdered 
rubber gloves. — Other foreign bodies were identified as biotitc, 
calcareous spar, and cotton, wdiereas the nature of the substance in 
a number of instances remains uncertain. 


II. 

In 4 patients crystalline material was found in nodules presenting 
the histological picture of Bocck’s disease. At least 3 of these patients 
also presented characteristic clinical features of this disease. Two of 
these cases most probably represented a hitherto unrecognized entilv, 
which may constitute a certain number of the cases usually diagnosed 
as Boeck’s disease. A report is made of 2 cases of »Boeck’s disease® 
pulmonary form, possibly caused by inhalation of chalk dust, 
m o observations of other investigators and those of 

e ‘Uthor, the possibility that foreign bodies more frequently cause 
»Boeck s disease® is discussed, and the possibility of a gnadinl breal- 
ing dc,™ or even complete dioappeoranee ot cor ain tore fin SodYc 
the hsaoe, especially varieties of calcic carbonate, is co;sidcrcd 


lies in 
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DISCUSSION 

Heerup, L.: There can be no doubt that in earlier days the dia- 
gnosis of tuberculosis was made all too often and erronously — as, 
for instance, in cases of analfistula and chronic otitis, among which, 
in earlier days, 20 % were claimed to be tuberculous. In the past 
ten years I have examined all scrapings from chronic ear lesions 
in the Frederiksberg Hospital, and do not remember ever ha\ing 
seen any case of tuberculosis in the w’hole lot. 

To me it seems highly interesting that several cases of the Boeck- 
Schaumann disease have proved possibly to be foreign-body granu- 
lomas, I will admit that it is merely a matter of belief, but I do not 
think that the Boeck-Schaumann disease really is any disease per se, 
but most frequently only a particular tuberculous reaction, and now 
wm see that several cases of this kind possibly may have an entirely 
different pathogenesis. 

The exception of the histological features encountered in the af- 
fection of the lymph nodes previously designated as Ziegler’s large-cell 
hyperplasia, I should not venture myself to make the diagnosis Boeck- 
Schaumann’s disease but merely designate the specimen as: tuberculoid 
changes, or: tuberculosis?, or: Boeck-Schaumann’s disease? 

Refvem, O.: With regard to the relation between the bluish parti- 
cles observed in the giant cells and adjacent crystalline particles of 
calcium carbonate, I have mentioned merely as a possibility that die 
latter might be rendered harmless by transfer to the non-irritating 
amorphous lime sediment, w’hich consists chiefly of 9 parts calcium 
phosphate and 1 part calcium carbonate. In this connection I with to 
recall the welknown fact that the product of Ca and P cannot exceed 
a certain value without giving precipitation. 

Dr. Heerup thinks that Boeck’s sarcoid is almost exclusively a 
tuberculous manifestation. In this connection I wish to remind of cases 
of tuberculosis and Boeck’s sarcoid, in which calcium carbonate was 
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found in several of the lesions. This seems to indicate tliat even in a 
definitely tuberculous patient some lesions bearing the Bocck pattern 
may still have been caused, not by tubercle bacilli, but by crystalline 
particles, such as calcium carbonate. I franklj' admit, liowever, that 
arguments for accepting this substance as a causative agent, so far, 
are based merely upon analogism. Animal experiments have been 
started in order further to elucidate this problem. 



FROM THE DEPARTMENT OF PATHOLOGY. THE ROYAL VPTrn.v 
COLLEGE, STOCKHOLM ^^niNAIlY 


THE PATHOLOGICOHISTOLOGIC LIVER PICTURE IN 
CONTAGIOUS HEPATITIS IN DOGS 

By S. Rubarth. 

Contagious hepatitis in dogs {Hepatitis contagiosa canis), which 
has been found to be caused by a virus (Rubarth)^) , is a widespread 
disease in Sweden. Most dogs seem to pass through it without, or with 
merely minor, clinical symptoms, whereas only a relatively small 
number of cases have a fatal issue. By means of the complement 
fixation reaction, it has been shown that about 75 per cent, of the 
dogs in the Stockholm district have antibodies against this virus. 

The pathologico-anatomical picture is marked by a diapedetic pas- 
sage of liquor and of erythrocytes, with inflammatory changes especial- 
ly in the liver, lymp-glands, spleen and often also the brain. 

The histologic liver picture is characterized by hyperemia and 
edema or hemorrhage into the Disse’s spaces. This diapedesis, which 
begins centrolobularly, is accompanied by nuclear inclusions and other 
degenerative changes in the endothelial cells. The regressive changes in 
the liver-cells likewise begin centrolobularly and may show marked 
variations, from mild lesions to complete necrosis; in the latter case 
the cell remnants lie as in a hemorrhagic pool of blood. The »eosinophil 
degeneration« of the liver-cells found by Axenfeld and Brass-) in 
Icterus catarrhalis in man occurs in these cases too, as well as nuclear 
inclusions in greatly varying number. A migration of nucleated blood- 
cells sets in rather soon. A by no means unusual finding is a phago- 
cytosis of red blood-corpuscles in the liver-cells, and sometimes 
phagocyted leukocytes may also be observed. Within the regressive 
centrolobular areas, fibrinous precipitations often occur both in the 
sinusoids and in the Disse’s spaces; in such cases minor fibrinous 


1) Rubarth, S.: An acute virus disease with liver lesion in dogs (Hepatitis 

contagiosa canis). Acta Pathologica et Microbiologica Scandinavica. 
Supplementum LXIX 1947. . 

2) Axe?ifeld, H. und K. Brass: Klinische und bioptisclie Untersuchungen ubej 

den sogenannten Icterus catarrhalis. Frankfurt. Ztschr. f. Path, oi, 
147. 
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thrends arc lalliai' trcqucnU;’ found a manifosla- 

leukophagy. 



Liver from dog with short fibrin threads phngocytosed in the cytoi)hism of 
the liver-cells. Nuclear inclusions in the liver- and endothelial cells. Carnoy 
fixation, Weigert's fibrin stain and alum carmine. 1000 X. 


The nuclear inclusions which occur in Ihc liver- and endothelial 
cells, and which are of Cowdry’s type A, usually have an eosinophil 
character, varying, however, according to the fixing of the inalcrial 
and the staining method employed. 'Fliese inclusions arc not only an 
indication of the action of the virus, but also a sign of nuclear damage 
that leads to the destruction of the cell. It is therefore not surprising 
that in the most acute and severe stage of the disease nuclear inclusions 
are found in abundance, whereas in the cases which run a slower 
course with a lethal issue a sharply delimited ccntrolobular necrosis, 
with extremely sparse inclusions or none, is observed. Tbe violent 
diapedesis of liquor or erythrocytes that occurs in the liver is reflected 
also in the gall-bladder wall and in tbe abdominal cavity, where 
a copious amount of a serous fluid sometimes of hemorrhagic char- 
acter, is often found. 


NO DISCUSSION 



FROM THE PATHOLOGICAL INSTITUTE OF RIKSHOSPlT AT rr n 
(CHIEF: PROFESSOR LEIV KREYbS m 


ISLETS OF LANGERHANS IN FIBROCYSTIC DISEASE 
OF THE PANCREAS. A HITHERTO UNDESCRIBED 
ABNORMALITY? 

By Olav Torgersen. 

The condition commonly named fibrocystic disease of the pancreas 
has been described under a series of different names during the past 
30 — 40 years. The characteristic paricreatic changes were probably 
first described by Landsteiner (1905) in the so-called meconium ileus. 
It soon became apparent, however, that similar pancreatic lesions could 
be found at autopsy in children dead under different clinical pictures. 
The present conception of the disease as a pathological entity is based 
on systematical work of later years inter al. by Blackfan and Wolbach 
(1933), Dorothy Andersen (1938), Blackfan and May (1938) and 
Menten and Middleton (1943). The classification now commonly adopt- 
ed is essentially that of Andersen (1938) according to which three 
main groups are differentiated: 

I. The most acute form, in which the patients generally die within 
the first or second week after birth. The clinical picture is the so- 
called meconium ileus. This form is the least common, occurring in 
about 10 per cent of the cases. 

II. A more subacute form, in which the patients generally die 
wdthin the first year of life. This is the most common form. The 
predominating symptoms are from the gastrointestinal tract (diar- 
rhoea, vomiting) and from the respiratory tract (severe respiratory 
irritation terminating in bronchopneumonia). 

III. A rather rare and more chronic form in which the patients may 
live more than one year. The symptoms of the initial stage are largely 
the same as those of the preceding group and the disease begins at 
an early date, but later there may appear symptoms of celiac disease. 
These patients, too, are prone to succomb from widespread suppurative 
pulmonary infection. 

The most characteristic finding at autopsy in all types is the 
lesion of the pancreas. The excretory ducts are dilated and cystic, 
lined by a low cylindrical or cuboidal epithelium. The ducts contain 
an apparently massive, acidophile secretion which is often arranged 
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in concenlric Inyeis and gives a I«i«™ ' 7 '“ J‘’“tllive 

„.nrc or less alropluc. The ■">7°'>”rrj„*V ou oc lie infillrnlion 
tissue is very markedly increased and thcie is a lei cocji c 

of vailing intensity. As an apparently sharp contras , bribed 

lesion of the exocrine apparatus the islets of Langerhans * - 

as normal by almost all authors. This feature has “'I™ 
argument against the eoneoplion that the glncosnria found m cor am 
eases of pancreatic cysts might be of pancreatic origin « 

1929). Contrary to other authors, Baggensioss and hennedtj (1J4.)) 
found slight but definite abnormalities in histologic structure of the 
islets in most of their cases. They found that the cells were loosely 
arranged in bands and in a few cases intercellular edema was present. 
An interesting statement was made many years ago by Margnlt 
Teiischer: she wrote: »Die Langcrhanschen Inseln sind noch schr 
klein und stehen mit den Ausfiihrungsgangen in dirckter Verbindung«. 


In the literature available to me, however, I have found no mention 
of the lesion or abnormality of the islets which will be described below. 
The lesion was found in the five cases of fibrocystic disease in which 
I have had opportunity to examine microscopic sections of the pan- 
creas. Tliree of tlie cases have been described previously, from a 
clinical standpoint, by Dr. Alf Odegfird, and the cases will be more 
fully dealt with elsewhere. Here will be given a brief description of 
the cases, with special attention to the structure of the islets of 
Langerhans. 


Case 1: A 4% months old female child. Weight at birth .'5090 g. Three week.s 
after birth the child began to vomit (partly projectile vomiting) and gained 
poorly in weight. Later the stools became loose and greenish. X-ray ex- 
amination revealed an opacity of the left lung. Avtopsij (0. l.Vii): Fibrocystic 
disease of pancreas. Fatty metamorphosis of liver. Suiipurative bronchitis 
and peribronchitis of- left lung. 


Case 2: A 4 month old female child. Weight at birth 41G0 g. Gained poorly 
m weight. Three months after birth vomiting, fever and severe cough In- 
creasing cachexia. Autopsy (0. 310/44): Fibrocystic disease of iiancrcas Fattv 
lddiwyr^'^°^'^ bronchitis. Calcium salt deposits in the 


o’ ^ ’^Veight at birth 4000 g. Gained poorlv in 

horfmp ? a bullous exanthema The stools 

bwrs“.y coneToM Tohrilf Z'" T-”' 

after birth the stools became loose Poorly m weight. One year 

rich amounts of fats. The blood siitrn'i* em-vn'^* ^ found to contain 

to repeated infections, terminatimr fn an oi / succumbed 

Autopsy (0. 209/46); Fibrocystic d?sea< 5 e nf 
of liver. Abscess of right lung ^ pancreas. Fatty motamorphos 
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Fig. I. 

Low power view of, pancreas in case 4, sliowing tiie typical picture of fibro- 
cystic disease. Zenker-formol fix., Mallory-azan. X 60. 

The isZef^ of Langerhans were present in fairly normal amount. 
Many islets appeared normal or slightly edematous. At closer examina- 
tion many of the islets were found to contain one or more duct-like 
lumens, lined by an epithelium of somewhat varying structure. In 
the rarest but most impressive specimens the epithelium was of the 
tall columnar type w'ith basally situated nuclei and a coarsely vacu- 
olated cytoplasm which gave a positive mucin reaction (mucicarmine), 
the w'hole resembling closely small pancreatic excretory ducts (fig. 2). 
More often the ducts were less conspicious, cleft-like and were lined 
by a low stratified epithelium. In these cases the ducts might be easily 
mistaken for blood vessels (fig. 3), except for their content which was 
amorphous and generally gave a positive mucin reaction. In still other 
instances the ducts vvere wider and their epithelium showed degenera- 
tive changes. The contents of these ducts w'ere partially made up of 
necrotic material (fig. 4). A great many sections \vere cut to find 
out if the ducts within the islets had any connection vvith the exocrine 
apparatus of the pancreas. In several instances a »hilus« could he 
demonstrated in which the ducts seemed to leave the islet of Langer- 



Fig. 2. 

Islet of Langcrhaiis containing tliroe duct-like Imnens, lined by n more or 
less tall columnar epithelium. Note the resemblance of Ihe.^e slructure.s to the 
small e.xcretory duct joining the larger, cy.stically dilated tluct in the middle 
of the picture. Right: apiiarontly normal islet. Detail of fig. 1. Zenker-fnrmol 
fix., Malloiy-ny.an. X .TjO. 
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liins apparclly lo join ll.c 

resembling to some cslcnl a glon^fi' M <^6- aoUially 

In one case serial sccUons ^^cre duels. The sections 

existed islets which were could he fou Hie 

showed that at least in one in ‘ lo dclcnninc the 

Sl^t oTrS B^eeindU^h: tiie islets. In this ease no ahnornialiUcs 
of these cells could be detected. „„eidcr two main possihililics. 
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Fig. 6. 

Connections between islets and excretory ducts in the Guinea pip. 

After Bensley (1911). 

ui cirrhosis of the liver, i. e., a process probably secondary lo degenera- 
tion and fibrosis. This possibility has probably to be abandoned. In 
fibrocystic disease, there is no appreciable hyperplasia of the small 
excretory ducts within the pancreatic connective tissue, and it would 
seem highly improbable that newly formed duels should proliferate 
into the islets of Langerhans only. Furthermore, the duels in «iucslion 
are well represented in ease 3, i. c., in a child aged 2 months wlicrc 
the changes in the exocrine parts of the pancreas arc rather small. 

The second and far more probable possibility is that the ducts 
described may be related to, or identified with, the peculiar small 
tubules described at the beginning of this century, inter al. by Lapnesse 
and which were beautifully demonstrated by Dcnsleij (1911) in Guinea 
pigs (fig. 6) by means of vital staining. The epithelium of these tubules 
IS of the irregularly low cuboidal type with occasional goblet cells 
and a few cells with true mucous granules. According to current 
textbooks of histology these structures represent a matrix of undif- 
ferentiated epithelium from which the regeneration of islet tissue mav 

s'^^^rclion. Although studied 
ost extensively in Guinea pigs, the tubules arc also said lo be present 

l^Hnc rt mvestigations on this subject seen to he 

lacking. The occurrence of such structures is easily explained when 

Acta path. Vol. XXV, 1—2 
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one considers the genesis of the islets from the 
ducts in fetal life. 


entodermal excretory- 


T^lie peculiar thing is that, in fibrocystic disease, at least, these 
tubules seem to persist in postfetal life, within otherwise fully cle^T 
oped islets of Langerhans. Further, the tubules may appear as well 
differentiated structures, and, finally, their epithelium may become 
the seat of retrogressive changes. 

The significance of these investigations must be decided hy future 
research. 
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DISCUSSION 

Ask-Upjiark: I should like to know whether the mothers of these 
children perhaps have had an attack of rubella during pregnancy. Was 
any instance of bronchiectasis observed in these cases? 

O. Torgersen: To Professor Ask-Upmark I wish to say that there 
are no available data as to the occurrence of rubella during pregnancy 
in the cases here concerned. The case histories were taken at a time, 
however, when we were not so well orientated concerning these plie 
nomena, so that hardly any significance may be attached to the records 
on this point. As to bronchiectasis, this morbid condition has been 
demonstrated in several cases reported in the literature, but not in anj 
of our cases. 





AN INVESTIGATION ON PREGNANCY IN 
DIABETIC ANIMALS 


Bv GOsta Ilullquist. 


Prcmiancy in a diabetic ^vonlan causes chaiiftcs in Uie physical 
aspects of the disease, and the diabetes, in its turn, affects the preg- 
nancy and the offspring. In general, the disease seems to grow worse, 
but a few cases have been described in wliicb the diabetes of tlic 
mother became less severe during the later stages of pregnancy. 

In order to study the conditions prevailing in ditilictes pregnancy 
and the underlying palhologico-analomic aspects, I have been experi- 
menting for some years on rats. The experiments have been extremely 
difficult to carry out, but I have now assembled a material consisting 
of about 20 cases which arc being studied from the histologic stand- 
point. Tlic present paper is a preliminary report on the investiga- 
tion. 

In most instances, diabetes was produced in the animals by suh- 
tot.al pancreatectomy .and in a few cases by means of alloxan. The 
m.ajority of the animals were operated on at varying limes after the 
start of the pregnancy. Only in a few instances (in alloxan animals, 
among others) did pregnancy occur in animals already suffering from 
diabetes. The blood sugar (by' Foliu’s method) and urine sugar (llene- 
dict’s reaction) were studied. Most of the animals were treated with 
insulin. 

The clinical course of the diabetes in the mother rat varied widely 
in the different animals, in spile of the fact that the c.xcision was 
done as far as possible to a uniform extent in all cases. In some 
.animals the increase in the blood sugar was only slight, the values 
being .around 0.1.5 g. per hundred cc. (the normal value for this breed 
of r.at IS around 0.08 g.), whereas in others figures around 0.-1 g. were 
obt.ained (as in rat R 211, in fig. 1). In a couple of the animals 
becoming pregimnt after they had had diabetes for some lime the 
blood sugar values rose during the pregnancy, and there was a strong 

cc. X\as obtained on one occasion from a pregnant alloxan ml 
s rong decrease m the lilood sugar generally occurs imiuediatclv before 
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rat (R 211) %vith diabetes following pan- 
createctomy. C = conception. P.e. = pancreatectomy. D = delivery 


delivery, as may be seen from figure 2, which shows the values from 
a number of experiments five days before and after parturition. The 
curve was obtained by adding the figures and calculating the mean 
values for shorter periods. The curve runs fairly level except during 
the 12 hours immediately prior to delivery, when a noticeable drop 
takes place. The decrease is relative and hypoglycemic values were 



Fig. 2. 

Blood sugar values obtained in experiments 5 days before and after delivery, 
and curve showing the mean values. 

not observed. As a rule, there is an increase in the blood sugar after 
or during parturition. In these animal experiments, there was no 
improvement in the diabetes of the mother rat during the later stages 
of pregnancy such as is observed occasionally in human beings. In- 
creased sensitivity to insulin and a tendency towards a decrease in 
the sugar in the urine is, however, often observed even before the 
blood sugar decrease occurring prior to parturition, and if insulin 
is being administered in these cases the amounts must be reduced in 
consequence. 
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How are \vc to explain the strong decrease in the blood sugar 
during the hours before parturition? If the decrease were due to com- 
pensatory hyperplasia of the islets in the fetus with the transference 
of the insulin to the mother rat, then it seems strange that such a 
state should arise so suddenly, just before parturition. A decrease 
in the blood sugar level before pai’turition is observed in normal 
subjects also, but the drop is not so marked as it is in animals with 
diabetes. One possible explanation of the phenomenon may be that the 
permeability of the placenta increases immediately prior to parturi- 
tion, thus making it possible for insulin to pass from the fetus to the 
mother. According to Marshall, Harris and others an increase in the 
placental permeability takes place on delivery or in the later stages 
of pregnancy. Degenerative changes in the placenta are demonstrable 
in normal subjects at the termination of a pregnancy {Huggett) . 

The experiments have shown that treatment with insulin is de- 
finitely of value for achieving full-term pregnancy. In a long series of 
experiments without insulin administration abortion occurred soon 
after the pancreatectomy (this observation tallies with the experiences 
of Long, as reported by Miller), and full-term pregnancy was achieved 
in only one rat. When insulin was given, the results were more favour- 
able. The size of the dose would seem to be of no particular signifi- 
cance. Success was obtained both with large doses and with doses so 
small as to exercise no noticeable effect on the blood sugar level. A 
good illustration of the effect of insulin treatment is provided by a 
rat with diabetes produced by alloxan. The rat was kept in a cage 
together with potent male rats for a little over one month without 
becoming pregnant. After two weeks’ treatment with small doses of 
insulin pregnancy occurred and continued to full term. 

Increased weight at birth in the infants of diabetic women has 
often been reported, and there has been much speculation as to the 
cause. 

The birth weights of the young rats in my experiments are shown 
in table 1. For the most pai-t the weights of the offspring of the 
diabetic rats fall within the standard deviation of the control series. 
On the other hand, in 3 rats (R 195, R 211, R 212) there is a clear, 
and to some extent a strong increase in the weights of the offspring, 
the values going as high as 7.4 g. This is an increase by more than 
50 per cent over the normal mean value for the breed of rat used in 
my experiments. These weights fall outside the standard deviation of 
the normal value, and are thus statistically significant. In the case 
of the giant infants it is not only a question of an increased accumula- 
tion of fat but also, more particularly, of macrosomia with splanch- 
nomegalia. 

In the few animal experiments on diabetes pregnancy reported in 
the literature it has not been possible to reproduce the conditions 
observed in human beings, namely, large fetuses in some diabetic 
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Table I. 

Weight of the rat infants. 


Rat 

no. 


Number 

of 

offspring 


Min. 


Weight 


Max. 


Ave- 

rage 


Commenls 


Diabetes 

208 

11 

1.85 

2.929 

2.221 

pancreatectomy 






» 

228 

3 

2.950 

3.348 

3.213 

» 

198 

6 

3.208 

4.213 

3.476 

)> 

210 

11 

2.947 

4.014 

3.489 

» 

214 

5(10*) 

3.309 

4.525 

4.073 

» 

152ii 

11 

3.250 

4.779 

4.274 

» 

202 

7(8) 

3.903 

4.688 

4.331 

» 

223 

7 

4.088 

4.894 

4.515 

» 

» 

218 

9 

4.08 

5.033 

4.526 


152i 

4 

4.05 

5.05 

4.63 

Diabetes, 

207 

8 

4.523 

5.60 

5.082 

alloxan 

Diabetes, 

209 

8(9) 

5.200 

5.985 

5.485 

pancreatectomy 

» 

211 

9 

5.123 

7.185 

6.262] 

» 

195 

6 

5.73 

6.84 

6.45 

)> 

212 

1 


7.401 

7.401. 


6.405+0.548 


Parturition > 2 clays tooec 

Parturition at full terra, 
ther rat had transient iclt 
Parturition at full terra, 
betes only 5 days. 

Exact time of conception 
known. 

Parturition at full term. 
Exact time of conception 
knowm. No insulin. 
Exact time of conceptior 
known. 

Exact time of conceptioi 
known. 

Parturition at full terra. 
Exact time of conceptioi 
known. 

Exact time of conceptio: 
known. 

Parturition at full term 

Parturition at full term 
Exact time of conceptio 
known. 

Exact time of conceptio 
known. 


Control 

» 

» 

» 

» 

» 

» 

» 


injection 
Chorionic 
gonadotropin- 
injection 


53 

7(11) 

3.45 

4.20 

3.84 ' 

168 

9 

3.715 

4.876 

4.379 

K 

10 

3.855 

5.125 

4.48 

78 

8(10) 

4.12 

4.69 

4.49 

125 

4 

4.15 

5.32 

4.79 

216 

10 

4.530 

5.278 

4.952 

128 

9 

4.665 

5.655 

5.149 

178 

6 

3.975 

5.950 

5.256 

144 

6 

5.244 

6.385 

5.845 

145 

4 

5.61 

6.430 

5.982 


4.661+0.553 

(3.003—6.319) 


3 days late. 
2 clays late. 


only 5 iBfants of the whole liller (10) have been weighed. 
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cases. Miller describes in Endocrinology', April 1947, an investigation 
he carried out on the weight of the offspring of rats with diabetes 
produced by alloxan. He observed no giant growth in his experiments. 
My mother rats with diabetes due to alloxan also had no enlarged 
offspring. It is still too early to judge whether there is any difference, 
with respect to the size of the offspring, between alloxan diabetes and 
diabetes developing after pancreatectomy. In the case of diabetes fol- 
lowing excision of the pancreas, also, only a few of the' mother rats 
had offspring showing giant growth. 

A number of hypotheses have been advanced to explain giant 
gro^vth in some children of diabetic mothers. According to one wew, 
the cause is hyperglycemia in the mother, possibly in conjunction 
vdth an increase in the supply of insulin to the fetus owing to hyper- 
plasia of the islets of the fetus. The increase in weight has been 
compared with insulin fattening. 

This attempt at an explanation cannot, in any case, be correct in 
general, since enlarged infants have been obser\'ed originating from 
mothers who have not had hyperglycemia. It is, moreover, not a 
question merely of increased obesity but of genuine giant growth. 
Of my 3 rats producing giant offspring 2 had high blood sugar values, 
but in one case (R 195) the values were only slightly raised, at 
intervals. 

According to Snyder and Hoopes, the increased birth weight may 
be explained by the over-development of the fetuses as a result of 
prolonged pregnancy caused by an over-production of gonadotropin. 
In my experiments, the time of conception is known exactly in at 
least one of the cases of giant offspring (R 211), and in that case 
it was not a question of prolonged pregnancy. Nor is any particular 
prolongation of pregnancy likely to have occurred in the other two 
cases. For the sake of comparison, I have, in cooperation with B. 
Engfeldt, made a number of experiments with prolongation of the 
period of pregnancy in rats by means of injections of gonadoti'opin 
or progesterone towards the termination of pregnancy. Table 1 shows 
the weight of the offspring in two such cases with a prolongation of 
2 — 3 days. Tlie weights do not, by any means, reach those of the 
giant offspring. Nor do the experiences from pregnancy in diabetic 
women with large babies point to an essential prolongation of the 
period of pregnancy. 

The giant growth has also been associated with the hypophysis. 
There are several reasons for assuming a connection between the 
diabetogenic effect of the hypophysis and its growth-promoting ef- 
fect. The occurrence of diabetes in hj'pophyseal disturbances, above 
all in acromegaly, is well known. In animal experiments a diabetogenic 
effect by growth hormones has been obtained; the diabetogenic factor, 
however, does not appear, as was presumed at first, to be identical 
^vith the growth hormone, but is merely, in one way or another, 
coupled to the latter (Young and co-workers). 



136 



Table 11. 

^antitative conditions in hypophysis of the rat infants. 


Control series 


Infant no. 


53.VII 
216,11 
216, IV 
216,V 
125,1 
78,111 


mm 3/g ^ 

body ■ 
wpighl 

0.0195) 

0.0275 

0.0254 

0.0289^ 


Volume of hypoph 5 'sis 

Ant. Mid. Post. 

lobe % lobe »/„ lobe »/o Average •/, 


Diabetes, giant 
growth 


Diabetes, 
normal size 


Progesterone 

injection 


195.1 
195,V 
211,IV 
211, VI 
211,VIII 

212.1 


144,111 


0,0231) 

0.0228 

0.0253 

0.0178 

0.0339 

0.0274 



> 0.0298 


71.3 10.8 17.9 


Chorionic 145,IV 0.0206 73.9 11.7 14.4 

. gonadotropin- 
injection 


A qualitative and quantitative histologic examination of the hypo- 
physis in the offspring in my material is now in progress, and I will 
here give some preliminary results. The volume has been determined 
planimetrically, as the hypophysis in a young rat is too small to be 
weighed exactly. Tire values are seen in table 2. 
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It the volume ot the hypophysis is XtonW 

weigh., no morhed difterence .L ^ of 

animals and tlie giant offspring. ‘ sized offspring of 

the hypophysis can he noted in a couple of ” 

diabeUc mothers. An interesting fact is that the volume of « 
physis in those giant offspring produced through / .“ 

pregnancy by means of gonadotropin and progesterone shons lairlj 

With regard to the proportion between the different lobes of the 
hypophysis, the giant offspring show a tendency to a decrease in ic 
size of the anterior lobe, and an increase in the posterior lobe, whereas 
the midlobe remains constant. 

So far, however, all these quantitative calculations arc too lew 
to justify definite conclusions. 

The histologic picture shows significant differences between the 
offspring of the control animals and the giant offspring. The anlcrioi 
lobe of the hypophysis in the control offspring appears more im- 
mature, with cells fairly poor in cytoplasm and with compact nuclei 
rich in chromatin. The hypophysis of the giant offspring shows greater 
vascularization and hyperemia. The cells arc larger, and richer in 
cytoplasm, with distinct nucleoli. Fetal cell types arc much Ics.s 
frequent than in the controls. A detailed study with special staining 
and a differential count has not yet been made, but judging by the 
preparations hitherto available, the cells appear to liave reached a 
higher degree of maturity in the offspring with giant growth than in 
the controls, as regards the granulation also. Chromophilic cells occur 
in abundance and of these the basophilic cells are particularlj' pre- 
dominant.^) 

The posterior and midlobcs show changes in the cells similar in 
all essentials to those in the anterior lobe with a more differentiated 
cell picture. 

Thus, definite changes in the cell pattern of the hypophysis were 
demonstrated in the giant offspring. There is the possibility of a 
modification in the proportions between the lobes but no changes in 
volume. To udiat extent these changes may be associated with the 
giant growth it is difficult to say, at least not until a further studv 
has been made of the proportions between the cells,’ and until other 
endocrine organs have been examined. 


means of progesterone or chori^mV^ ^ offspring produced by 

The histologic picture of ti ^ injections in the mothers, 

striking similarity to that seen in the showed a 

the offspring of the rats injected witl/nroL^f^^^"’^i°^ diabetic rats, whereas 
picture Similar tha, oHormal 
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DISCUSSION 

in ^ present some findings in studies 

m the blood sugar concentration in the first 24 hours of life in children 

IQ mothers. The material comprises 22 children of diabetics 

19 children of normal mothers. All the children ^vere kept under iden- 
tical and basal conditions throughout the first 24 hours, during ivliich 
nothing was given them. 

The curves for the average blood sugar values in the first 24 hours 
take fundamentally the same form in the children of normal mothers 
and diabetics. In the latter the blood sugar level was hardly 10 mg. % 
low’er than in the children of normal mothers — in this series. 

The blood sugar level in the children in the first 24 hours of life 
is directly proportional to the blood sugar values found in the mothers 
immediately before delivery. 


Oddmund Roller; I have been very pleased to hear the interesting 
paper given by Dr. Hultquist. During the last year and a half I have 
happened to occupy myself ^\^th the same problem and with similar 
methods — without knowing anything whatever about Dr. Hultquist’s 
work. My experiments were carried out on white rats, and the pan- 
createctomy was performed at different junctures of the pregnancy. 
I have not made blood sugar determinations on my animals to the 
same extent as done by Dr. Hultquist. The diabetic state of the animals 
was watched by collection of the 24-hour urine, and the total sugar 
output was determined. None of my animals showed glycosuria except 
after pancreatectomy. 

In the non-pregnant animals glycosuria appears about 7 days after 
the pancreatectomy, and then it keeps increasing gradually up to a 
level of 10 — 15 %, at which it then keeps for a varying length of time. 

In the pregnant rats the postoperative glycosuria was less pro- 
nounced, 4 — 5 %. In contrast to Dr. Hultquist it has not been neces- 
sary for me to use insulin in order to make the rats go to the full 
term of pregnancy. None of my animals was treated with insulin. 
When the animals got over the postoperating trauma, they were thri^- 
ing without insulin. 

As to the 3 cases in which Dr. Hultquist thinks he has been able 
to demonstrate giant growth of the fetus, I have not been able to 
arrive at such a conclusion in my animals, in which the average weight 
of the newborn has been approximately 7 g. Besides, it is to be kept 
in mind that Dr. Hultquist has given insulin to his animals. Ihe 
question then arises. What is due to the pancreatectomy, what to the 
insulin medication? 


S Ra^’Strom: a great deal of interest is attached to the observa- 
ions reported by Dr. Hultquist about the appearance of the pituitarj 
a tlie young ones born by rats in which the pancreas had been resected 
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previously. If the pictures presented of specimens of the pituilaiy fioin 
these young rats and from control animals really arc rcprcscnlatnc, 
a differential count will hardly be required to convince tlic ohscrNci 
that here we are meeting with the real change in the piluitary. Ihcsc 
experimental findings may be said to constilulc the experimental 
analogy to previous observations on human material, hor, leluscs o 
diabetic women show pituitary changes of fundamentally the same 
character as that described by Dr. Hultquist in his young rats, i. c. 
premature differentiation of the hypophyseal cells. In fetal erythro- 
blastosis I have observed the same kind of changes in the pituitary. 
With reference to my paper, read yesterday, on the problem of erythro- 
blastosis, I should like to ask whether any adrenal changes bad been 
observed in these animals, and also whether there has been noticed 
any increase in the extramedullary hematopoiesis in these young rats. 


G. Hultquist: Dr. Pedersen’s studies on the behavior of the blood 
sugar of diabetic mothers arc very valuable especially as, to my know- 
ledge, they are the first systematic studies of ibis kind. In in.v ex- 
periments I have determined the blood .sugar concentration on new- 
born rats and on their mothers during iiarturition and m.v findings 
here have been quite in keeping with those reported, as will be evident 
from Table I. 


Table I. 

Blood Sugar Concentrations in Percentage in Diabetic Female Hat.s and 

their Young. 




— J. 'I . . 



1 

Rat i- 

Bloodsngar in '>,n of 1 

mother 

.Average 


number 1 

infants j 


1 

I 

Min. j Mn\. [ AvpniR** ! 


Diabetes, pancreatectoinv 



newb„m7”i?gScraVlyVoL^- S' ‘"f >" 

not subnormal, and lire valucrtoVlTc im''!' 

(the normal value for this ml «i. • • "’ci'c hypoglycemic 

ine lOToglyccmic roacltn ifow'od Tu ? ® '-■■“l•«ml- 

conld not bo dcmonslralctl in Ihc rat cspcrinicn'" "“’Hx'i s 
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In connection with Dr. Roller’s remark I should like to point out 
that we have to be very cautious in judging of diabetes in rats merely 
from the outcome of determination of the sugar in the urine. For there 
are several rat strains that have alimentary glycosuria which may give 
rise to mistaken conclusions if this fact is not kept in mind. Onlv 
blood sugar examinations can give quite reliable information. 

Dr. Roller’s and my own experiments appear to have been per- 
formed on different strains of rats. This is evident, among other things 
from the apparently higher birth weight in his material. 

As to the significance of the insulin treatment to the appearance 
of giant growth in my experiments, I feel convinced that this has no 
particular influence on the results, partly for reasons already men- 
tioned in my paper, partly because there was no demonstrable dif- 
ference betw'een cases with giant growth, in which insulin was given 
in small doses and cases with a large supply of insulin. 

Examination of the adrenals and other endocrine organs bas been 
commenced, but I am not able yet to give any account of the results 
obtained. 

Comparative studies have been carried out also on the occurrence 
of erythropoiesis in the liver in the normal material and among the 
young of the diabetic rats. An abundant formation of red blood cells 
in the liver was found in both groups. Whether any distinct difference 
in this respect may be demonstrated I am not able to say, but so far 
no particular difference has been observed. 





A CASE OF DIABETOGENOUS DWARFISM 

By Anders Dcrgslrand. 

There are a few cases described in the lilcralurc of so-callcd 
hypophyseal dwarfism in conjunclion wilh diabetes mellilus ( , . 

4 6 7). Under the diagnosis of hypophyseal dwarfism appear to be 
included all cases of definitely subnormal body size without deformi- 
ties of the skeleton, wth normal jiroportions and well-developed intel- 
lect. In the clinical picture is also included a retarded or entirely 
lacking sexual development with poorly developed secondary sex cliar- 
acteristics. The cause of this disease is considered to lie a hypofunction 
of the hypophysis cerebri as a result of trauma, congenital under- 
development or tumours. The disease is thus closely related to Sim- 
mond’s disease and Frohlich’s syndrome. 

In these diseases, however, the blood-sugar is as a rule low. Diseases 
which are due to a hypcrfunction of the pituitary, e. g. acromegaly, 
are, on the contrary, often accompanied by diabetes mcllitus. After 
Houssay’s discovery of the diabetogenic hormone of the pituitary, 
many regard diabetes mellitus as a disturbance of the central regula- 
tory mechanism hypothalamus-hypophysis, wilh a hypersecretion from 
the latter. It is thus difficult to explain the occurrence of diabetes 
mellitus in conjunction with a condition which depends on a hypo- 
function of the pituitary. 

It has also been difficult to obtain morbid anatomical grounds for 
the assumption that a hypofunction of the pituitary is the basic cause 
of those cases of dwarfism which arc called s>hypophyscal«. 

Engel (12) has recently, however, in a lecture to the Swedish 
Medical Association, demonstrated a number of cases of dwarfism 
with diabetes mellitus, one of which showed changes in the hypophysis 
cerebri In general, these dwarfs react very badly to the administration 
01 pituitary preparations containing growth hormones (Shelton) (16) 
Recently, therefore, the theory that a metabolic disease might he the 
So-called hypophyseal dwarfism has been more 
prevalent. In those cases where diabetes mellitus has been present' 
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dwarSiln me Pnmary disease which caused 

nJ opportunity of making a post-mortem exaniina- 

on of such a case in which the clinical history and post-morlcm 
findings could possibly illuminate these problems. 

The case in ^estion was a young woman, ^vho died at the age of -’7 
Her development had been normal up to the age of three when, following 
mild poliomyelitis, it was found that she suffered from diabetes mellituf 
She was treated at home by dieting and small doses of insulin. She had 
occasional mild' attacks of precomatose type and was admitted to hosnihl 
in this condition in April 1939. ‘ 

She was then 18 years old, 125 cm. in height, and weighed 28 kg. Her 
body ^yas well-proportioned. The epiphyses, for example in the tibia, showed 
insignificant ossification. She had not yet menstruated. The blood-sugar 
ivas 400 mg.,%. Legal’s test was positive and there was 1.3% sugar in the 
urine. B. M. R.: — 8. No other endocrine disturbances. She had gone througli 
the primary school and was considered talented. Her I. Q. was 105. 

Great difficulty was experienced in regulating her diabetes on account 
of her very low carbohydrate tolerance and sudden changes in the percentage 
of blood-sugar. The possibility of attempting treatment with pituitary extrad 
was considered, but abandoned in view of the age of the patient and the 
great difficulty of obtaining such extract. 

The patient was re-admitted, once more in precoma, in the autumn of 
1943. Her height was then 129 cm. She had menstruated, but menstruation 
was irregular. Information regarding secondary sex characteristics is lacking. 
She was then treated in the Out-Patients’ Department. In April 1944, she 
complained of vertigo and headache. Her blood-pressure was found to be 
165/115. Heller’s test was positive, and there were abundant white corpuscles 
in the urine. Water tests showed poor excretion and concentrating capacity. 
At the same time, a macrocytic anaemia was found. Later in the same year 
the blood-pressure was 175/125. 

Since 1943 she had dark, progressive deterioration of sight, and in Januarj- 
1946, she was nearly blind, oiving to bilateral cataract. The blood-pressure 
was then 175/110. She came to the hospital on account of amenorrhea for 
txvo months. The uterus was somewhat enlarged, and in March of the same 
year an abortion was induced in the fifth month. Her general condition was 
thereafter good, but her blood-pressure rose slowly. In April 1946, it was 
thus 230/150. 

On April 9th, 1947, she visited the hospital in order to obtain a certificate 
for admission to a school for the blind. When the doctor in the Out-Patients 
Department did not consider that he could wmite this in the way she wislie , 
she had a violent hysterical attack, and went away. About two hours latci 
she was brought back to the hospital in very poor condition, and died uim 
a clinical picture of pulmonary oedema before any therapeutic mcasurc- 
could be taken. 

Post-mortem examination revealed a young woman, of proportion- 
ate body size, 132 cm. in height. The neck was strikingly short and 
the head appeared somewhat large in proportion to the rest ol inc 
body The facial features gave the impression of considerably grea 
age than xvas the case (See Fig.). Tlie secondary sex charactcnstics 
were well developed and her bodily configuration was typically 
feminine without virile traits. 
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The internal organs showed general, very severe arteriosclerosis. 
In addition, the kidneys were very shrunken (total w’eight 135 g.). 
On microscopical examination this proved to be due to artcrioloscle- 
rosis. The heart show'ed considerable hypertrophy of the left ventricle. 

The hypophysis cerebri w'eighed 0.56 g. w’hich, considering the 
body size and weight of the patient, appears normal. Microscopical 
examination showed no pathological cell forms. The number of 
chromophil cells appeared large in relation to the number of chromo- 
phobe cells, and the eosinophil cells in particular w'ere numerous, in 
opposition to statements in reports of cases published earlier, in w’hich 
an increase of the number of basophil cells w'as found. (Engel: in- 
vestigation by Mellgren). 

Tlrere wms considerable fibrosis and arteriosclerosis in the pan- 
creas. It was remarkable that the normal islets were entirely lacking. 
Here and there, however, it -was possible to find remains of islets. 
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partly in the form of single cells and partly in the form of larsc 
groups of insular cells. 

The uterus was normal in size, with the mucosa in the transition 
between proliferation and secretion phases. The ovaries were also of 
normal size and contained numerous ripe follicules, as well as 
fresh corpus luteum on the right side. The other endocrine orfians 
showed nothing remarkable. The lenses of both eyes were totally 
clouded and the retina atrophic. Examination of the brain, the basal 
ganglia, the brain them and the hypothalamus region [nuclei supra- 
optici et paraventriculares] showed no lesions except a few micros- 
copical areas of softening probably caused by the hypertension. The 
primary cause of death appeared to be acute cardiac insufficiency 
and pulmonary oedema. 

The clinical picture of the patient, with its many symptoms, can 
be discussed from many standpoints. In this paper, however, only the 
question of the importance of diabetes will be discussed. In the earlier 
stage of the disease, the picture conforms satisfactorily with a so- 
called hypophyseal dwarfism. The latter phase, on the contrary, differs 
considerably from the usual course. With the exception of delayed 
puberty and irregular menstruation, no defects of the functions of the 
sex organs were observed. The patient had thus reached full sexual 
maturity and was even capable of conception. The autopsy revealed 
a hypophysis cerebri without definite pathological changes, in addition 
to well-developed sex organs and functioning ovaries. 

In my opinion, there is thus nothing in this case which indicates 
that the primary cause of the patient’s dwarfism was a hypofunction 
of the hypophysis cerebri. I thus interpret the disease as a juvenile 
diabetes, very difficult to treat, with low carbohydrate tolerance, and 
in consequence subnormal bodily growth and retarded development. 


Summary. 

The author reports a case of dwarfism in a young woman, suf- 
fering from a diabetes mellitus since the age of three. She developed 
severe hypertension and arteriosclerosis and died at the age of 27 from 

heart failure. . 

The autopsy revealed no signs of a hypofunction of the pituitary. 
The young woman reached full, though somewhat delayed, sexual 

maturity' and was even capable of conception. 

The author regards the diabetes mellitus as the primary cause oi 

the dw'arfism. 
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DISCUSSION 

Ask-Upmark: Pathologic-analomicallj^ there is nothing to he added 
to the account of this interesting case. From a clinical point of vie\Y, 
however, I wish to call attention to three points to be added to Dr. 
Bergstrand’s paper: 

For one thing, the development of diabetes in connection with 
poliomyelitis gives rise to manj' considerations. 

In the next place the unfortunate lack of clinical data in the case 
record concerning such an important matter as the secondary sex 
characters. 

In the third place the death of the patient from pulmonary edema, 
which undoubtedly may he ascribed to her troubles with the Out- 
patient Clinic — that this poor woman vvas denied the desired and 
well-motivated certificate is not only outrageous, I think, but also 
contributory to her death. 


Acta path. Vol. XXV, i_2 
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PROBLEMS CONCERNING THE ESTIMATION OF THE 
CHEMOSENSITIVITY OF MICROBES AND MEASURING 
OF PENICILLIN AND STREPTOMYCIN CONCENTRA- 
TIONS IN THE BLOOD AND SPINAL FLUID 

By K, A. Jensen and Inger Kiccr. 

I should like briefly to outline a rapid method for determination 
of the resistance of bacteria present in specimens of clinical material 
— as, for instance, in cases of infection of the urinary tract. 

The urine is centrifuged, and a smear is stained after Gram. 

If this smear shows at least a few bacteria in each field, a direct 
determination of their resistance may be made as follows. 

On a blood agar plate (ab. 14 c. c. in diameter) six sterile piece.s 
of filter paper, 2 c. c! in diameter, are placed at a suitable distance 
from each other. The first piece of filter paper is moistened with 1/20 
c. c. of a streptomycin solution containing 2800 units per c. c., the 
second with 1/20 c. c. of sulfathiazole solution of 6,6 mg per c. c., 
the third with 1/20 c. c. of penicillin solution containing 175 units per 
c. c., the fourth with streptomycin -1- sulfathiazole, the fifth with 
streptomycin + penicillin, and the sixth with sulfathiazole + penicil- 
lin. 

After standing for ten minutes the filter paper is removed, and the 
plate is allowed to dry for a short time. 

Then one loopful of the urinary sediment is spread on each of the 
areas (see fig. 1), and the plate is incubated at 37° till the next day, 
when it shows directly whether the bacteria present in the urine arc 
inhibited in their growth by streptomycin, penicillin, sulfathiazole or 
any of the three combinations. 

In this way it is possible wdthin 24 hours to tell the clinician which 
remedy is likely to be the most suitable in the given case. 

In our hands this method has given excellent results — not only 
when applied to specimens of urine, but also to other materials 
the bacterial content of a given specimen is very slight, it may he 
advisable to make a preliminary culture in a fluid medium. In addition 
it is possible to make a rough classification and pure cultures )J mr 
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«^-ru;rett’;‘X'‘rore:; '■ - >■>■ «.c 

tha^t we are able to measure about 1/15 Oxford'unU peVc. c.T'tit 

For measuring of the streptomycin contents of serum we fill r 
cups respechvely „ilh 25. 12,5, 6,25 a„6 3.12 units of sl"cpll'“; 



Fig. 2. 


1 = Standard 

2 = » 

3 = » 

4 = » 

5— 6— 7— 8 


Streptomycin 

» 

» 

» 

— 9 = Serum 


25 Units 
12,5 » 

6,25 » 
3,12 » 


per c. c. In the remaining cups we place undiluted patient serum or 
spinal fluid. On the following day the diameters of the inhibition- 
zones are measured (see fig. 2), the curve for standard streptomycin 
is drawn, and thus it is possible to calculate the potency of the various 
specimens in question (see fig. 3). 

The measuring of the penicillin blood level is carried out in the 
same manner. (See fig. 4). In this way we have measured 6 — 8 blood 
samples on the same agar plate. 

The results thus obtained agree very well with the dilution method. 
See table 1 and 2. 

Inactivated serum and spinal fluid has been used for the dilution 
method. 

Using the agar-cup method the result has shoivn to be the same 
with inactivated and active serum and spinal fluid. 

Using our strain in the agar-cup method we have never seen any 
inhibition-zone with normal serum and spinalfluid. 
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Tabic 1. 

The concentration of streptomycin in blood and spinal fluid determined by 
the agar-cup method, and the serial dilution method. 


Serum 1 

» 2 


» 

» 

Spinal fluid 

Serum 

» 

» 

)> 

)) 

» 

Spinal fluid 

Serum 

» 

)) 

Spinal fluid 

Serum 

» 

» 


3 

4 
1 

5 

6 

7 

8 
9 

10 

2 

11 

12 

13 
3 

14 

15 

16 


Agar-Cup Method 


22.5 U. 

per. 

c.c. 

20.9 

» 

» 

» 

15.5 

» 

» 

» 

29.4 

» 

» 

» 

20 

» 

» 

» 

19.6 

» 

» 

» 

12.5 

» 

» 

» 

7.8 

» 

» 

» 

11.0 

» 

» 

» 

6.9 

» 

» 

» 

8.7 

» 

» 

}> 

7.3 

» 

» 

)> 

17 

» 

» 

» 

14.9 

» 

» 

» 

8.4 

» 

» 

)) 

17 

» 

» 

» 

12.5 

» 

)> 

» 

11.6 

» 

» 

» 

10.9 

» 

» 



Dilution Method 

20 U. 

per 

c.c. 

16 » 

» 

» 

16 » 

» 


32 » 

» 

» 

20 » 

» 

» 

18 » 

» 

» 

12 » 

» 

» 

8 » 

» 

» 

14 » 

» 

)> 

8 » 

» 

» 

10 » 

» 


8 » 

» 

» 

15 » 

» 

)> 

14 .» 

» 

» 

9 » 

» 

» 

16 » 

» 

» 

14 » 

» 

» 

12 » 

» 

» 


12 )> » 
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lOOOOO-OU Penicillin intram. 



The numbers in brockets show the result 
obtained by the ..Dilution method' 


Fig. 4. 


Table 2. 

The concentration of penicillin in blood determined by the agar-cup method 
and the serial dilution method. 


Serum 1 
» 2 
» 3 

» 4 

» 5 

» 6 
>> 7 

» 8 
» 9 

)> 10 
» 11 
)> 12 
» 13 

» 14 

» 15 


Agar-Cup Method 

2.5 O.U. 

0.83 » 

0.65 » 

0.63 » 

0.63 » 

0.22 » 

0.19 » 

0.07 » 

trace 
» 

» 

0.95 0. U. 

0.35 » 

0.14 » 

trace 


Dilution Method 

2.54 O.U. 
0.56 » 

0.48 >> 

0.48 » 

0.48 » 

0.22 » 

0.16 )> 
ab. 0.05 » 

1) 0.04 )) 

» 0.03 » 

» 0.02 » 
0.9— 1.0 » 

0.40 » 

0.12 » 
ab. 0.05 » 
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In undiluted serum and other body fluids in this way it is possible 
to measure from 1 to 50 units of streptomycin, and the streptomycin 
blood level is usually found to lie within lliis interval ; as to penicillin 
we are able in this way to measure from 1/15 to 1 Oxford unit. With 
higher penicillin blood levels the serum has to be diluted once or more 
times. 



FROM THE STATE BACTERIOLOGICAL LAmi^ATnr,.. 


STOCKHOLM. 


TOXIN-FORMING STAPHYLOCOCCI, AS CAUSE OF 
DEATHS ON THE INJECTION OF INFECTED 
BACTERIOLOGICAL PREPARATIONS 

By G. Olin and A. Lilhander. 

At Bundaberg in Australia, in 1928, several deaths occurred after 
the injection of a diphtheria vaccine which had been contaminated 
with staphylococci. The vaccine, w’hich consisted of a mixture of 
diphtheria toxin and antitoxin without the addition of an antiseptic, 
had been kept in the original packing, provided with a piercable rub- 
ber cap. The bottle was first used on three different occasions in the 
course of five days without giving rise to any abnormal reactions 
to the inoculation. When the same bottle, which had been kept at 
room temperature, was used again three days later for the inocula- 
tion of 21 children, 16 of them, 5 — 7 hours after the injection, fell 
ill with vomiting, diarrhea, high fever and in most of the cases un- 
consciousness, cyanosis and convulsions. Twelve of the children died 
15—34 hours after the injection. In all the children that survived, an 
abscess appeared at the place of the injection. From these abscesses 
as well as from the vaccine, staphylococcus aureus with the same 
characters was cultivated. 

This calamity at the time caused a great sensation and occasioned 
a thorough investigation hy a commission, whose members were Kelia- 
way, Mac Callum and Tebbutt. 

This inquiry issued in the conclusion that the cause of the cases of deatli 
and disease must be attributed to the injection of the diphtheria vaccine. 
The presence of free diphtheria toxin could be ruled out. In the vaccine^ 
however, staphylococcus aureus could be found in pure culture. Tins 
staphylococcus proved to be identical with staphylococci cultivated from 
abscesses at the place of injection in 5 e.vamined surviving children. Its 
pathogenicity was small for guinea-pigs, mice and monkeys. Intra'cnoii. 
injection in rabbits, however, led to death within 12 24 hours, wi h con 
VTilsions, but without macroscopic postmortem changes. The staphylococcu 
was weakly hemolytic and fermented mannitol. When grown in “ 

produced within 7—8 hours a toxin which was rather labile, but wlucn m 
man could induce cutaneous reactions even when diluted down to 



•According to the 


153 

official report, all the facts indicated that the 

resulting from the growth of the staphylococci at the place ol 

^""Tsweden during the course of the last few years, in close con- 
nection with injections of bacteriological preparations, three deaths 
in all, have occurred among children. This happened on two different 

occasions. ... r , 

Two of these fatalities occurred in 1945 after injection of measles 

convalescent serum prepared at a hospital laboratory. Three children 
then simultaneously received intramuscular injections of this serum 
from the same bottle, and fell ill, with toxic symptoms, shortly after 
the injection. Two of them, aged 11 and 8 years, rcsjicctivcly, died 
13% and 17% hours afterwards. The clinical picture as well as the 
postmortem findings pointed to acute toxic damage. Within 6 — 8 hours 
after the injection alt three children were affected with vomiting, 
diarrhea and high fever. Cerebral symptoms in the form of somnolence 
and agitation w'ere manifested. Cyanosis soon supervened, and two of 
the children died a few hours later. The third child presented the same 
disease picture, but nevertheless survived. 

The postmortem examination of the two children showed very 
large and extensive cadaveric stains. In the liver, degeneration with 
small fat droplets was observed, and in the kidneys a cloudy swelling 
of the convoluted tubules, i. e. parenchymatous degeneration indicative 
of toxic action (Sjovall). 

After the treatment of these three children, the contents of the 
serum bottle were practically exhausted. The same bottle had been 
used 8 months before, without any undesirable effects, for injections 
given to several patients. The bottle had afterwards been kept in a 
refrigerator. The serum contained (|uinosol, and formalin as preserv- 
atives. From this serum bottle, a strain of staphylococci, in the sequel 
termed »Lethak, was cultivated. From another bottle, from which 
serum had been used for the prophylactic treatment of eleven other 
c nldren, who had not shown any toxic symptoms, a staphylococcus, 
m the sequel termed »Non-lcthak, was isolated.') Both scrum bottles 
efore the bacteriological examination, had stood uncorked in room’ 
temperature over night. 

i" II 

the chilVSddl v 0,1 ill"™ ;" Four houre lalcr 

J fell ill, with vomiting, diarrhea and high fever. 


) These strains were kindly supplied by Professor A. Lindau. 
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After a progressive change for the worse, with'snells of imnn • 
ness and circulation failure, the child died 17 hou?s alter Ihc S"" 


Inonti ^^^P^y^ 0 “ccus aureus was isolated from ihc 

local lesion which had an extent of 20 X 20 mm with a blue-discolou 
vesicle in the centre (strain »Local«), as well as from a regbmS 
lymphadenitis in the axilla (strain »Axilla«). Ten other children were 
simultaneously subjected to Mantoux tests with the same tuberculin 
solution, and in most of them similar toxic symptoms resulted in 
some cases severe, but without lethal issue. From the local lesions 
in two of these ten children, staphylococci were likewise isolated 
(»Pat. H.« and »Pat. F.«). From the tuberculin solution used, strains 
»Tub. hem.« and »Tub. anhem«*) %vere isolated. 


The tuberculin solution, which had been prepared at the hospital, 
did not contain any preservative and had been kept in a refrigerator 
for about a week, hut, in connection with the consulting-hours at 
the out-patient department, had stood at room temperature for several 
hours daily. After the immediately preceding use of this solution no 
abnormal reactions had been observed. All the staphylococci strains, 
except »Tub. hem.«, coagulated plasma and fermented mannitol, 
characters indicative of pathogenicity. 

From alt the above-mentioned strains toxin was prepared, in ac- 
cordance with the technique described by Lithander (1944) with semi- 
solid media in an atmosphere composed of 25 % CO^ and 75 % air. 


The formation of toxins was examined firstly by inoculation direct from 
the original cultures, and secondly after passage through rabbits for the 
purpose of retaining the virulence. The culture was incubated about 10 
hours. After control of the purity of the culture, the entire medium was 
centrifuged in order to separate the agar. It svas then filtered through paper 
and a Seitz filter. The filtrate was mixed with merthiolate to a concentration 
of 1/10.000. After sterility control, the strength of the toxin wms tested firstly 
in vitro, and secondly in rabbits. With each strain, several toxin preparations 
were made. Each time the »Lethal« and »Non-lethal« strains were used, botli 
strains ivere inoculated on the same batch of medium. The tivo toxins vere 
thus prepared under identical conditions. Also in regard to the strains isola cd 
in connection with the third fatality, the formation of toxins was tested 
simultaneously for several strains on the same medium. 


Titration of the toxins in vitro. 

The direct toxic value (MHD = minimum heniolyzing dose) was 
determined for all the toxins against rabbit and sheep cells as wcl 
as for some of the toxins against human red cells. With rabbit celts, 
moreover, the indirect toxic value (Lh) was determined against stand- 
ard serum from the State Serum Institute in Copenhagen. 


*) Facillities for the examination of these two strains 
by Professor H. Davide, who will report Ins “ 

nection with a full description of the clinical picture of the cases. 



(10%), as regards rabbit in 'Cable 1. In ilelertnining 

Veils, ...e ...ben ar.er 

1 hour at. 37" and 1 hour at room tcmiieralnre. 

ntralion of the toxins in vivo. ,„,,,..i:,v of the 

Rabbits weighing about 2.5 kg were used. I be lHb-'l'l> 
toxins after intravenous injection was examined, as also I.e.r dermoiu- 
crotizing effect after intraculaneous injection (MND). 1 lie inlra\enous 
injections were dosed according to the body-weight of the ralduts; in 
the intraculaneous injections 0.1 nil of the toxin or its dilutions was 
injected. Tlie results arc shown in the following Table 2. 


rnhtc (. 


i 

strain j 

[ .M II I) 

llabbit cells lieiiiolysis 

iffl«', in*v 

M II 1) 
Sheep cells 
henmlvsis 
10% 

1 ii. a;-' i i> r 

M It 11 
' llitinnn 
: cells ; 
: lu'iiio, 
I\sis 

1 lii*’., 

Iiidileel 
toxic 
netion 
1 , 1 , dose 

Non-lotbnl 



O.t-t.5 

0.1 -1.0 

0.1-10 

1.0 

a 

Letlial 

0.2-0.00' 

;■ — 

0.00.5- 

0 o:,-- 

0.01! - 

0.0*. 

o.;;o. 2 




0.0007 

0.03 

tl.oo.') 



Local and 

0.007- 

0.001 — 

O.OOOa-- 

0.0117 - 

0.003 ■ • 

0.7 0.02.5 

0.10 

.\xilla 

0.001 

0.0002 

0.0001 

0.001 

onooi 


0 22 

Tub. nnliein. 0.007— 

0.002-- 

0.001— 

o.oo:, - 

0.007 


0.10. 

and horn. 

0.0002 

o.ooo.o 

0.0001 

0.001 

o.ooor, 

o.T 

0,33 

Pat. 11. and. 0.007 — 

0.002— 

0.000.’>- 

0.007 - 

o.o-o.'t- ■ 

0.7 - 0.25 

0.10 . 

F. 

0.0007 

0.0002 

0.0000.5 

0.001 

0.0007 


f) 3,3 

Wood and 

0.002— 


0.0001— 




O,o5 

Walker 

0.0005 


0.00001 






From Table 1 it will be seen that the strain >Xon-IethaI'; has a 
low direct toxic value, judging Ity its hemolvtie action on rabbit 
sheep and human red cells (MUD), and also a relatively low indirect 
toxic value (L,, dose). The strain ^Lethak. on the other hand, shows 
a relatively lugdi direct and indirect value, differing in this respect 
roin other strains of slaiihyiocoeei examined at the laboratorv. having 

,'kff '"t Min nu,,;. 

Sir 

mr'L r ■' - 

slrains cn„ t r" ''''I've,, ll.e,,. s 

praclicallv lha ,1 "7 I'ava 

iwo inlcrnalional ,lral,„ „r ,n 7 '•a],a,-ily i,,.. 

-..C a,= k. ,e„a,a, r,!': 
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Table 2. 



MND 

Su^v^^al hme m hours after intravenon. 

mj- in 

] ol ■ 


3 

3 

1 

m 

lis 

lES 

Non-lethal 

0.1 

4 

5—22 

0.25 17 

S. 






1 

2 

1 1 

1 







s 









2 






Lethal 

0.003— 

0.001 



0.5—2.75 

4—20 







3 

3 








4—16 

s. 




Local and 
Axilla 

0.0001— 

0.00001 



1 

T 

1 

1 

1 

2 

1.3 1.5-14 s, 

2 3 1 

Tub. anhem. 
and hem. 

0.003- 

0.00001 






1 

1 

2.5-4.5 6-20 27 
3 1 2. 

Pat. H. and 
F. 

0.0003- 

0.00001 







1.5-5 1.5-20 

2 2 

Wood and 
Walker 

0.0002- 

0.00003 







0.25 

10 


The numerator indicates the number of hours, the denominator iho number 
of animals, (s. = the animal survived). 


The results of the in vivo tests are seen in Table 2. The strain 
»Non-lethal« showed a very slight dermonecrotic effect; merely with 
one of the toxins could traces of necrosis be elicited. In large doses, 
however, these toxins in certain cases had a lethal effect after in- 
travenous injection in rabbits. Toxin from »Lethal« has a much more 
powerful action both in regard to dermonecrosis and the lethal effect 
on rabbits. Still more powerful are the toxins prepared from the 
strains isolated in connection with the Mantoux-test fatality. In regard 
to dermonecrotic capacity, they are quite comparable with toxins from 
the strains »Wood 46« and »Walker«, whereas larger doses w'cre re- 
quired to produce lethal effects by intravenous injections in rabbits 
than was the case with toxins from the two last-mentioned strains. 

At the necropsy of rabbits whose survival time had been long 
enough to permit macroscopic changes to appear, it was found that 
these changes were the same for all the tested staphylococci. The 
changes were most marked in the kidneys, where they consisted in 
cloudy swelling, hyperemia and minor hemorrhages. In the intestinal 
walls and liver, hyperemia was often observed. The adrenals rather 
often showed slight changes in the form of hyperemia. 
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irS£=r;iSsSr« 

did not kill the rabbits, despite the injection of large niunbcis o 
bacteria. It may be recalled that Ibis strain, unlike the others, d d 
not coagulate plasma nor fenncnt mannitol. A feature common to 
all the strains is that their toxic effect is not modified by passing 
through animals. 

As regards the Bundaberg fatality, the conclusion of the Com- 
mission was that the deaths had been caused by the injection of live 
staphylococci present in the diphtlieria vaccine. The toxin-forming 
capacity of the Bundaberg strains, unfortunately, cannot be directly 
compared with that of tlic strains described here, as the present 
technique for the production of toxins is superior to that adopted for 
the Bundaberg strains. It should moreover be noted that other methods 
for determining the strength of the toxins had been applied in testing 
the last-mentioned strains. 

The three above-mentioned fatalities in this country may be said 
to be very similar to the Bundaberg cases. Strain S'Lethal'i and the 
strains isolated from the lubcrculin-lcslcd cases as well as from the 
tuberculin dilution show a very marked toxigenic capacity. In view 
of this capacity, it may be considered that the staphylococci found arc 
a sufficient explanation of the deaths. Tlic fatal issue should be at- 
tributed mainly to the production of toxins in vivo during the growth 
of the bacteria hut also to the introduction of toxins preformed in 
the injected fluid. Tlie latter seems to be the case especially as regards 
the deaths after the injection of convalescent scrum, when a large 
amount had been injected. 

At a very early stage, symptoms from the alimentary canal, 
vomiting and diarrhea, were observed in the patients. It miglit seem 
plausible to assume that these symptoms, which appear to resemble 
those m food poisoning or acute gastroenteritis, may have been due 
to an enterotoxin effect. This, however, docs not seem. to be the case: 
these effects should be regarded as subsidiary symptoms in the general 
picture of oxic disease. In fact, vomiting and diarrhea occurred to 
a considerable extent also in the Bundaberg cases. The commission of 
inquiry pointed out the above-mentioned resemblances to the symptoms 
m food poisoning or acute gastroenteritis, but did not alHdi sneri^ 

Z"!- n"°.nc oft. 
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canal, particularly diarrhea, occur as subsidiary effects nf int« 
tions — induced by intravenous injections — with slanhvior 
streptococcal, meningococcal and diphtheria toxins, has been shown 
also by Lithander (1945). " 

As above mentioned, the infected tuberculin dilution that nave ri<;p 
to toxic staphylococcal infections had not been admixed with anv 
preservative. It accordingly seemed to be of interest to ascertain 
whether any of the most commonly used preservatives — quinosol 
carbolic acid and merthiolate — , could kill the staphylococci in 
question, in a tuberculin dilution. The tuberculin was diluted to 1/100 
firstly with physiological saline, secondly with a phosphate buffer 
solution, and the above-mentioned preservatives were added. After 
inoculation of 11.000—40.000 staphylococci, the tubes as well as con- 
trols were kept at 370, 220 and 4^, respectively. The results arc shown 
in Table 3. 


Table 3. 

Inoculation of stapliylococcal strain »Local«. 


Tuberculindilution 

40.000 cocci 

11.000 cocci 

20.000 cocci 

with phys. NaCt 1/1000 

37“ 

22“ 

4“ 

37“ 

22“ 4“ 

37“ 

22" 4“ . 

without preservative 

+1 

-t-- 

+ 

+1 

+= -h 


+5 + 

with 0.1 “/oo quinosol 

— 

— 

— 

— 

— — 

— 

-- 

with 0.5 “/oo » 

— 

— 

— 

— 

— — 

— 

— “ 

with 0.5 “/o carbolic acid 



4- 

— 

— — 

— 

— 

with 0.1 “/oo merthiolate 

— 

— 

— 

— 



— 



with phosphatebuffer 

25.000 cocci 

11.000 cocci 

20.000 COCCI 

without preservative 


+" 

-f 

-f- 

+ 

+ - 

- 1 -“ + 

with 0.1 “/oo quinosol 

— 

— 

— 

— 



— 


with 0.5 “/oo » 

— 

— 

— 

— 



— 

__ — 

with 0.5 “/o carbolic acid 

— 

— 

— 

— 



— 

— 

with 0.1 “/oo mertliiolate 









The index figures after the plus sign indicate the number of days vlien 
macroscopically visible cloudiness had been observed. 


In one of the tests it was found that the relatively large inoculation 
of 40.000 staphylococci was not completely killed by O.o % carbo ic 
acid. Smaller amounts, however, were eliminated by this percen age 
Quinosol 0.1 0/00 and 0.5 ‘>/oo as well as merthiolate 0.1 /oo had • 
complete sterilizing effect in all the tests, irrespective of the icni- 

‘’'"coTrcsponcling tests were .natle .else with 

the cftecl or formalin was then likewise investig.aled. The rcsalls 
shown in Table 4. 
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1 

37" 

990 

4" 

37" 

1 

22" 37" 

22" 

4" 

37" 

000 

without preservative 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

with 0.1 "/oo quinosol 

— 

— 






— 



witliO.5%0 » 

— 








+ 

with 0.5 °/o carbolic 

— 









with 0.1 "/oo merthiolate 

■ — 

* 


— 






with 0.2% formalin 

— 

— 

• 







with 0.4% » 











In this case loo it was found llial one of the tests with carbolic acid 
showed defective capacity for sterilization, namely in regard to horse 
serum. The other preservatives, on the other hand, in all eases 
completely killed the staphylococci. In order to ascertain wJicthcr the 
effect of these agents weakened with lime, the scrum lubes were re- 
infected one Aveek later in a test with 44.000 staphylococci. Forty-eight 
hours afterwards, however, these cocci too had been killed. 


Siinuimnj. 

Three cases of lethal staphylococcal infections arc reported, two of 
which had resulted from intramuscular injection of measles con- 
valescent serum, one from an inlracutaneous injection of a tuberculin 
dilution. In both instances the injected material was infected with 
staphylococcus aureus, with a very high toxigenic capacity, which was 
studied in detail. It was shoAvn that most of the preservatives com- 
monly used in baclcriologic products could kill the staphylococci in 
question. 
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DISCUSSION 

0. Renkonen: In Finland wehavc observed a similar case in which 
onvalescent plasma after measles was emploved by a ge era nr h 
t oner without any injurious result whatever.'s weeks later Uie same' 

apj. On analysis the plasma was found to be infected with 
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yellow, mannite-positive, coagulase-positive, hemolytic staphylococci 
Unfortunately the plasma had not been desinfected with the nicrcurial 
preparations usually employed (merthiolate). 

T. Vogelsang: I have noticed that the children have had diarrhea. 
Indeed, Staphylococcus aureus is able to produce a number of different 
toxines. So, I think, it seems not unlikely that besides the lethal and 
hemolytic toxin, also the enterotoxic-toxin may have played a role. 
In this connection, mention could probably be made of a child suckling 
its mother who had a staphylococcus mastitis. The child died of en- 
teritis, and the strain of staphylococcus aureus was isolated from the 
intestinal canal. The toxin produced by this strain caused vomiting 
and diarrhea in kittens. 

My assistant Dr. Arlberg, has isolated 9 additional strains from 
cases of staphylococcus mastitis and 6 of these strains likewise pro- 
duced enterotoxin that was demonstrated by experiments on kittens. 



raoj; THE HACTEWOLOaWAE 


INFECTION WITH ACTINOMYCES MURIS RATTI 
AFTER A RAT BITE 

By L. 0. Borgcn, M.D. 

Infections after rat bites are not rare. When a patient is stricken 
after having been bitten by a rat, the examination is usually conducted 
with two diseases in mind, namely Sodoku or rat bite fever caused by 
Spirillum minus as described by Futaki and co-workers in 1916, and 
Weil’s disease, caused by Spirochaeta ictero-hxmorrhagiae, described 
in 1916 by Inada, Mo, Hold, Kaneko and Ito. The disease described 
in the present paper resulting from the bite of a laboratorj’ rat is 
much more rare. 


Case history. 

A 25 year old woman, laboratory assistant, daughter of a physician, was 
bitten by a laboratory rat on the third finger of the left hand on Dec. 5, 1916. 
She had previously been bitten several times without becoming ill. During 
the two following days there were signs of local infection as the hack of 
the left hand was red and swollen, accompanied by tenderness in the lower 
arm and axilla. Her father, who was a physician, treated her with sulfa- 
thiazole .and on the 10th of December she felt so well that she resumed her 
work. However later in the day she felt ill and went home. That night she 
became gravely ill, had persistent chills, nausea, headache and slight pains 
in the back. 

On Dec. 11, 1946, she was admitted to the Medical Dept. (VIII) of Ullevul 
Hospital, chief Carl Muller, M. D. 

Status ■pracsens Dec. ii, iMQ. 

The patient has flushed cheeks, complains of headache. Tp. 40.2® C. Third 
finger of left hand, a small, healed wound. Very slight reaction around wound 
Ao local gland swelling. No exanthema. Examination of the internal organs 
lovealea nothing. ° 


The diagnostic considerations on admission were rat bite fexmr 
leptospirosis or eventually a pyogenic infection. 

The assistant physician of the Dept., Dr. Victor Gaustad con- 

taken for^^^ the case by telephone, and blood samples were 

veil for examination before treatment with sulfathiazole ai!d pencil- 

Acta path. Vol. XXV. 1—2 
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lin was begun. It should be staled that the patient recovered ranidlv 
under this treatment. In this connection I would like to mention that 
IS case, both clinically and bactcriologically, will be published in 
English translation in Acta Medica Scand. by the author and Dr 
Daustad. The present paper does not allow time to describe the case 
m detail so anyone who is interested will find all the details later in 
the above-mentioned paper. 

Before I discuss the bacteriological investigation it may be men- 
tioned that it revealed an affection not previously diagnosed in Norway 
(Scandinavia?), namely, rat bite fever caused by Actinomyces inuris 
ratti sive Streptobacillus moniliformis. A brief historical discussion 


of this microbe will be presented in conclusion to the bacteriological 
examination. Rat bite fever caused by Act. muris ratti and rat bile 


fever caused by Spiril. minus are clinically very similar. Osier’s text- 
book of 1944 states: »the disease presents the unusual feature of having 
identical animal reservoirs, identical epidemiological spread and 
identical symptoms, but different etiologies«. 

Albritten, Sheely and Jeffers, 1940, present the differential dia- 
gnostic features of the two diseases. They point out the following: In 
the Act. muris ratti infection one finds arthritis and a rash with small, 
individual efflorescences, — in the Spirillum minus infection there is 
seldom arthritis and the rash exhibits large individual efflorescences. 
The incubation period for the Act. muris ratti infection is very short 
— for the Spirillum minus infection it is from 7 to 21 days or longer. 
The fever is more irregular in the Act, muris infection, while in the 
Spir. minus infection the fever is more regular and recurrent. 

But on the whole the differential diagnosis must alway’s be con- 
firmed by the bacteriological examination. This is very important for 
the treatment also, as penicillin is very effective against the Act. muris 
infection, but not against the Spirillum minus infection. The reverse 
is true of the arsenic preparations as these are excellent in the latter 
disease, but ineffective in the former. 

It is of interest that Act. muris ratti infections may occur tbrougb 
food. Infection through milk has occurred, as Parker and Hudson in 
1926 found Act. muris ratti s. Streptobacillus moniliformis as the cau.se 
of an epidemic of 86 cases in Haverhill, Mass. This disease is called 
Haverhill fever or erydhema arthrilicum cpidemicum and the authors 
called the Act. muris ratti microbe Haverhillia multiformis. 

On Dec. 11, 1946, the Bacteriological Laboratory of Ullcval Hospital 
received a citrate blood sample from the above described patient with 
a request to have it examined for Mb. morsus muris and Mb. R'cil. 
The ordinary bacteriological examinations for these diseases gave no 


results 

However a number of cultures had been made with the possibility 
of other infections in mind, and a blood broth culture gave growth 
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after 3 days. There was [tnnvlh fij.Ues. Most .>f these 

colonies which gradvially tt''*-''' c«>rpnscles hut .some were atlaehed 
.vere at the level of the red ^ ,,.0 si.les. 

to the walls of the fla.s V som ' iininolile Gram-negalne 

Microscopic . i.;' Iv of short rods, some lonffer 

pleomorphic m.crohe, j). 

hreads and some coccoui bodies (Cf. 1 holo 



Pliolo 1 (X 1000), Hacillar pliiisc. 


The colonics were Iransferred to a series of rnpiid and solifl meriia. 
There was growth in ascites broth and sernin hrotli, but not in ordinary 
broth. There was sparse growth on the surface of blood agar, ascites 
agar and solid ox scrum tubes. 

Growth on solid media exhibited considerable tlifferences, bidh 
macro- and microscopically, from the. above described niorplndogy. The 
colonics were small and round, and, especiidly in serum lubes, simadh. 
Microscopically they consisted mostly of long, looped Ihreails. The 
threads had spindle-formed swellings both at the ends and .along their 
.course. Some of the microbes were sjierin-like, some resembled fungus 
threads with spindle-formed bodies distributed along tbcin ((If. 
Photo 2). 

On the whole the microbe exhibited considerable pleomorpbism 
with variations from tiny coccoid bacteria, coccoid bodies, to tong. 
aclinomyccs-liUc threads. Growth was best when the medium contained 
both serum and red blood corimscles. There was no fermontation of 
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As the growth in serum tubes was readily emulonicd in nU, • 

Sn^Dle^lr^lMr^f 

un Dec. 26, 1946, the patients serum showed a positive ncclminnc 
reachon in dilnlion 1 : 80 with ,hc strata, whiiroonlrTs ri ™ 
no positive reaction in any dilution. A new serum sample on ilaif 9 
1947 was positive in dilution 1 : 96. These antibody values agree well’ 
with previously described cases of infection with Actinomyces mnris 
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Photo 2. (X 1000). Moniliform phase. 


The patient’s blood gave a positive reaction on Dec. II, 1946 when 
inoculated in guinea-pigs and while mice. The isolated strain was later 
inoculated in white mice and tame rats on Jan. 9 and 11, 1947 re.spcc- 
tively. On Jan. 23, 1947, I white mouse showed definitive signs of in- 
fection. It lay on its side with its hind legs drawn up and gasped for 
breath. It was killed and cultures were made from the blood, spleen, 
liver and kidneys. After a few days there was typical growth in all 
the cultures made in blood-scrum broth tubes. The tame rats have 
showed no indications of infection to date. 

The first description of this microbial infection after rat bile was 
published by Schotlmiiller in 1914 (10). He called the microbe Strepto- 
thrix muris ratti. He also demonstrated a similar microbe after the 
bite of a South African squirrel. This microbe he called Strcptotbrix 
taraxeri cepapi. Since then several others have found Strcptotbrix 
muris ratti in connection with rat bits and bites of other animals. Tims 
Nixon, 1914 (11) described a case after a ferret bile. His cultural 
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i tnA nlnhp (-[2) in 1916 described a fatal 

S "nlrTr J=‘ srelfcrot c„Uiva,oO an. 

heart valves -which were the site of an nlccious cncoCc . . . 

cliff (13) the same year demonstrated a similar strcptotl . 
hroncho-pneiimonia in tame rats. Dick and ^ 

isolated a streptothrix from the blood of a patient afte a 
They called the microbe Streptothrix pntorii. , , , „ 

Levaditi and co-workers (15) in 1926 demonstrated the same 
microbe in a laboratory assistant who had been bitten by a tame rat. 
He called it Strcptobacillus moniliformis which is the designation now' 


most frequently applied to this micro-organism. 

Parker and Hudson (16), 1926. 1926, use the name Havcrhillia 
multiformis for a microbe which was demonstrated in connection with 
Haverhill fever s. Erythema arthriticiim cpidcmicuni. This microbe 
has proved to he identical with Strcptobacillus moniliformis, so tins 
gives a total of 4 different names for Actinomyces muris ratti. 

Klienebcrger (17) (IS) lias claimed in several papers that tbisisnot 
one single micro-organism, but two distinct micro-organisms which 
live sj'iiihiotically. The one is a very fine, small organism which pas- 
ses coarser, hacteria-proof filters, which Klienebcrger calls L. organ- 
isms. She considers this L. organism to be closely related to the group 
of micro-organisms which are the cause of plcnropncimionia bovis. She 
claims that this filterable form can be isolated in pure culture from 
Strcptobacillus moniliformis strains. However these arc said to be 
unable to reproduce the filterable form. 

This interpretation is emphatically contested by Dienes (19) who 
in 1939 claims that this is a variation phenomenon, a dissociation 
strain. This controversy is not settled at present. 


Summarij. 

A laboratory assistant developed signs of lymphangitis and lyinidi- 
adenitis shortly after being bitten by a laboratory rat. The infection 
improved rapidly, but 6 daj's after the accident the patient had chills 
and was sent to the hospital with high fever. On combined sulfathiarole 
and penicillin treatment the fever subsided at once. Actinomyces muris 
latti s Streptohacillus moniliformis was isolated from blood cultures 
aken before starting the treatment. The isolated microbe exhibited 
the same morphological and cultural properties as previously described 
ains Examination of the patient’s blood for antibodies 12 davs 

.iluU„!"i:°80 Nolisror®? »86Ullinalion‘ in 

ni luio 1 • infection wnth Actinomyces muris ratti after 
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DISCUSSION. 

S. Card: A convenient method for demonstration of Sir. monili- 
formis is intracutaneous inoculation of the sole of the fool on white 
mice, obtaining thus a localized infection that reminds of cclroinclia 
■with pronounced edema of the dorsal aspect of the foot, sometimes 
generalization with miliary liver necrosis. From the local foci. Sir. 
moliniformis may easily be isolated in pure culture. Examination of 
apparently healthy rats, wild as well as tame, has shown the prc.scncc 
of Str. moliniformis in about 70 % of the animals, in the nasopliarjn^ 
or in the middle ear. 





BORDET-WASSERMANN’s reaction carried out 

WITH CARDIOLIPIN-LECITHIN-CHOLESTEROL 

ANTIGEN. A PRELIMINARY REPORT 

By Th. M. Vogelsang. 

The technique originally employed in Bordet-Wasserinann s re- 
action has undergone great changes, and among the five factors con- 
cerned -with the reaction, it is particularly the antigen which has been 

changed. /t i 

In 1907, and about simultaneously in three different places (Land- 

steiner, Muller and Potzl in Vienna, Forges and Meier in Berlin, and 
Levaditi and Yamanouchi in Paris) announcements were made that 
the original aqueous extracts of syphilitic foetal liver could be replaced 
by alcoholic extracts of normal organs. Tlic antigen in Bordct-Wasscr- 
mann’s reaction could not therefore be an antigen in the ordinary 
sense; on account of its solubility in alcohol it must be of a lipoid 
character. In this respect the Bordel-Wasscrmann reaction differs 
from all other hitherto known serological reactions. 

In 1910, Browning, Cruickshank and M’Kcnzic found that the 
reaction became more sensitive on the addition of cholesterol to such 
alcoholic extracts. Since then it has become customary to use such 
cholesterinized antigens both for Bordet-Wassennann’s reaction and 
the flocculation reactions. Alcoholic extracts of ox heart, to which 
cholesterol has been added, have in particular proved to be useful 
antigens. 

A shortcoming of such alcoholic extracts is, however, this that they 
may also contain substances such as fatty acids, soaps and stearines 
which may have an anti-complementary action. If cholesterol is ad- 
ded to the raw alcoholic extract, false positive results are not rare, 
and the custom has therefore been adopted of purifying the alcoholic 
ox heart extracts by first making extractions with ether and/or acetone 
0 remove such undesirable substances. By this means the Bordet- 

assermann reaction has become very specific and sensitive. In the 
ovenvhelmmg majority of cases a positive reaction is indicative ^5 
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But even with the use of these purified ox heart extracts wc can 
not prevent the occasional occurrence of false positive results. Non- 
specific reactions have been known for a long time to occur in certain 
trop^ical diseases. What is, however, more important in our own cliiuato 
IS that the same thing may happen in several more common diseases 
notably in those of the respiratory tract. 

Several reports of false positive reactions have appeared in 
Scandinavian literature. Their occurrence in large-scale investigations 
have been demonstrated by Krag and Lonberg (1938), by Alice Reyn 
(1941), and by Vogelsang (1940, 1946). Even though these non- 
specific positive Bordet-Wassermann reactions are not common, a 
further reduction of their number by more effective purification’ of 


the antigen would be a great advantage. Although for many years 
alcoholic tissue extracts have been used universally as an antigen for 
the Bordet-Wassermann reaction, we have till quite recently known 
very little of the chemical and physical properties of the active sub- 
stance in them. 

As a result of numerous investigations of the active lipoid antigen 
constituents of these tissue extracts, there is a general belief that the 
substance which reacts with the syphilitic reagin in serum is a 
phosphatide. But it was not till 1941 that Mary C. Panghorn suc- 
ceeded in isolating from ox heart a hitherto unknown serologically 
active phosphatide, cardiolipin. She was thus able to produce an 
antigen consisting of chemically pure substances. 

Cardiolipin used alone as an antigen has an anli-complcmcnlary 
action. But mixtures of cardiolipin and purified lecithin have proved 
to be useful antigens whose sensithity is considerably intensified by 
the addition of cholesterol. 

Of late years a couple of published reports have shown Ihat 
mixtures of cardiolipin, lecithin and cholesterol have been used as 
antigens for the Bordet-Wassermann reaction and several flocculation 
reactions. The changes have been rung on the technique in so far as 
the three components have varied in relation to each other in the 
different mixtures. 


Harris and Portnoy (1944) were the first to undertake an intensive 
study of the antigen action of mixtures of cardiolipin, lecithin and 
cholesterol in the Bordet-Wassermann reaction carried out with Kol- 
mer’s technique. Alcoholic solutions of the three components^ vcrc 
mixed in various proportions and diluted with saline solution in the 
ratios 1 : 75 to 1 : 2400 on the slow addition of the antigen to the saline 
solution. They achieved a satisfactory sensitivity and specificity with 
antigens containing 0.03% to 0.06% cardiolipin, 0.3% to 0.6 /o cbo cs 
erol, and about 0.05% lecithin. These antigens were suspended in 
saline solutions whose strength ranged from 1 : loO to 1 : 30U. i o 
change in the serological action of such antigens could be found alter 
storage at room temperature for one year. 
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,, Invc tried to standardize 

Elizabeth and Frank Maltaner ( r ‘,1 „ Bordct-Wasserniann 

mdre"S^‘f^I»tetooT rrcilhin'isTs.d: ^tZ anligcn nclion 
of such mixtures ^vas found in their tests to be independent of the 
antigen concentration in alcohol. For the quantity of saline solution 
to be added to achieve the best result ivas approximately proporliona 
to the antigen concentration in alcohol. Thus the quantity of antigen 
used for the reaction remained approximately unchanged. 

Mary C. Pangborn has kindly provided me with the cardiolipin 
antigen used in the comparative investigations I am about to desciibe. 
Its composition is as follows: 


Cardiolipin 

Lccitbin 

Cholesterol 


0.0175 % 
0.0875 % 
n a % 


It will thus be seen that the antigen contains five times more 
lecithin than cardiolipin, and about 3.4 limes more cholesterol than 
lecithin. 

In our experience, this antigen has no greater haemolytic action 
than alcohol. The same technique followed in carrying out the reaction 
Avas also adopted for the determination of the anti-complementary 
action wdth a titer of 1 : 4. 

In the process of diluting the anligcn, its quantity is measured in 
one cylinder, and the quantity of the saline solution in another. The 
saline solution is rapidly added to the antigen with which it is well 
mixed by pouring the fluid backwards and forwards several limes 
from the one cylinder to the other as in the preparation of Kahn 
antigen. 

To determine the optimum dilution, pooled syphilitic sera arc 
titrated with various antigen dilutions. By this means the liter for the 
optimum dilution proved to be 1: 130, 1:140. For the reaction a liter 
of 1: 130 was used. 


f i3on ®^^'Sen.was employed for Bordet-Wassermann testing 
of 5630 sera subjected to three parallel tests used as a matter of rou- 
tine a Cades Institute: Bordet-Wassermann with an extract of ox 
leart to winch 1 % cholesterol had been added, the Kahn standard 
test, and Meimcke’s »Klarungs« test. For the ordinary Bordet- Wasscr 

eZZZ T. T“ “ “'■I cnrdio fpt ' „ Sot 
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Sera from 


I Number 
of sera 


Table f. 
Identical results 


Number 
of sera 




Connictinj,' 


Number 
of sera 


n-\v. 


C. 1. , 


Untreated Syphilis 

205 

198 

Treated Sj^philis . . 

378 

338 , 

Latent Syphilis . . . 

117 

108 

Syphilis 

+ 700 

644 

Syphilis 

-^4930 

4893 


178 

20 

7 


<s 

127 

211 

40 

8 

32 

51 

57 

9 

3 

G 

356 

288 

50 

11 

45 

30 

48G5 

35 

29 

G 


C. 1 . c. — Cardiolipin-lecithin-cholesterol antigen. 


Table 1 compares the Bordet-Wassermann reactions according as 
they were carried out with extract of ox heart or cardiolipin-lecilhin- 
cholesterol antigen. The 700 syphilitic sera were classified in different 
groups according as they were examined with a view to the diagnosis 
of syphilis and before specific treatment had been instituted, or they 
were examined in the course of such treatment or after its completion 
for the purpose of supervision during the following four years. The 
sera from patients who had not received specific treatment or had 
not presented clinical evidence of syphilis during the last four years 
before the examination were included under the heading: latent 
syphilis. On the whole there was quite good agreement over the figures 
concerning patients with untreated and latent syphilis, but among the 
378 sera from treated cases there were as many as 40, or more than 
10 %, giving conflicting results. In eight of these cases the reaction 
was positive only with extract of ox heart, and in as many as 32 
cases, it was positive only with the cardiolipin antigen. 

Among the 700 sera from persons known to be sj'philitic there 
were 644, or 92 %, giving concordant results. About one-fifth of the 
remaining 56 sera gave a positive reaction only with extract of ox 
heart, while about four-fifths did so with the cardiolipin antigen. 

There was no evidence, clinical or anamnetic, of syqihilis connected 
with 4930 sera about 0.7 % of which gave conflicting results. Here 
we find the situation reversed, for about four-fifths of these 35 sera 
gave a positive reaction only to extract of ox heart and only about 
one-fifth to cardiolipin antigen. 

Further to form an opinion of the usefulness of the cardiolipin 
antigen, it was employed not only for our routine Bordet-Wassermann 
testing, but also for a comparison with the two flocculation tests 
which arc carried out on the current material in the Institute (set 
table 2). Here, too, it will be seen that the greatest discrepancies are 
to be found among the treated cases of sj'philis. The results ucrc 
conflicting in 22 % of the 700 syphilitic sera examined. When one of 
the tests failed us, this was the case in only a couple of sera tested 
with cardiolipin antigen. Of the sera giving a positive reaction to lv.o 
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Table II. 


Sera from 

Number 
of sera 

1 Henlieal results 

1 ConlliclinB results 

1 ^ 
Co-. 

! c v: 

' Z o 

! 

1 

■ 

Num her 
of sera 

Number of positive results 

3 

2 

1 

Untreated Syphilis. 

205 

184 

169 

15 

21 

11(11) 

8 (5) 

2 

Treated SiTihilis . . 

378 

273 

98 

175 

105 

36(33) 

42(24) 

27(4) 

Latent Syphilis 

117 

87 

43 

44 

30 

13(12) 

12 (2) 

5 

Syphilis 

+700 

544 

310 

234 

156 

60(56) 

62(31) 

34(4) 

Syphilis 

-^4930 4824 

6 4818 

106 

14(11) 

55(19) 

37 


( ) — Number of positive results with C. 1. c. antigen. 


tests, half their number gave a positive reaction to the cardiolipin 
antigen, whereas most of the sera giving a positive reaction to only 
one test were negative to the cardiolipin antigen. 

With regard to the sera from persons with no evidence of syphilis 
and giwng a positive reaction to several of the other tests, the reaction 
0 the cardiolipin antigen was usually positive. None of the 37 sera 
gvmg a positive reaction only to one test did so to the cardiolipin 

sHl^f distances and to some extent 

obviously damaged are inelurlpH i 4 i sera ^^hlch are not too 

the^period under review as manv as 4 ^ examinations, and in 

this analysis because they showed marked aW^'^ ^ excluded from 

Among the 700 sera frnm\p marked anti-complementary action. 

find the following: of syphilis, we 

401 positive to cardiolipin antigen. 

» » extract of ox heart 

» „ Kahn. 

” » Meinicke. 

"‘“''■'■I -idence of syphilis, 

S to c.rai„iipi„ antigen. 

51 j, ” extiact of ox heart, 

p, ” » Kahn. 

” » Meinicke, 

monstraM in'Ihe is graphicaliy de- 

it ^^ill Jj0 §00*0. ♦UrtA 

''dun, hut less so than 
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AS for the spociticily of tiro 

cardiolipin, if rvilf bo seen unaccompanied by 

number of false positive results. Among 11 e sc. a 

any evidence of syphilis, theie ^^ere 1 i„i:„n in Norway 585 

prinanl women in connexion with recent "o^i " ‘ re- 

were from healthy persons willing to serve as hlood donois, o 
quiring health certificates, etc. Among these 20/2 sera were five g g 
positive Bordet-Wassermann reactions to both extract of o\ hCc 
Ld cardiolipiii. There were also four giving a posUwe rcachon only 
to extract of ox heart. Among the other persons without eydence of 
syphilis were 271 who suffered from diseases of the respiratory tract. 
Four of them gave a positive reaction to both cardiolipin and extract 
of ox heart, and four others of them did so only to the latter. Among 
my cases there was one of malaria and two of infectious mono- 
nucleosis; all three gave a positive reaction to extract of ox heart. 


hut a negative reaction to cardiolipin. 

Although the Bordet-Wassermann test carried out with the cardio- 
lipin antigen has proved to he very specific, it would seem that even 
with this antigen we cannot altogether escape false positive reactions. 
Cardiolipin is presumably one of the antigen lipoids to he found in 
alcoholic extracts of ox heart. When a pooled positive serum is ab- 
sorbed with extract of ox heart, the reaction becomes negative not 
only with this extract, but also with cardiolipin antigen. But it would 
seem that an alcoholic extract of ox heart also contains other lipoids 
which may possess an antigen action and may occasionally give rise 
to false positive results. 

Far more comprehensive investigations than those recorded here 


are necessary for a better knowledge of the properties of cardiolipin 
antigen, and the present report is therefore only preliminary. My 
investigations seem, however, to confirm the impression that, with 
the aid of chemically pure substances, it is possible to produce an 
antigen which is satisfactorily sensitive and so reliably specific that 
It can be employed in the complement fixation test for syphilis. 

It is well known that extracts of ox heart are apt to vary somewhat 
when each serological laboratory makes its own preparations. The 
cardiohpin-lecithin-cholesterol antigen possesses this advantage that 
It IS easily standardized and can therefore help us to achieve more 
umlorm results. 


Summary. 

(1) The Bordet-Wassermann reaction carried out with forrUr, 

I™ rarriSlm “1,7^ "‘‘'.T 

,(2) The 
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(3) The cardiolipin-lecithin-cholesterol antigen possesses this ad- 
vantage that it is easily standardized, and its general use in different 
laboratories should therefore help to give more uniform results. 


REFERENCES. 

Browning, C. H., Cruichshank, J. ct M'Kcnzie, 1.: J. Path, and Bad 1910- 
14: 484. 

Harris, Ad & Portnoy, J.: Vcn. Dis. Inf. 19i4: 25: 353. 

Krag, P. & Lonherg, A.; Acta derm.vencreol. 1938: 19: 012. 

Lajidslciner, K., Midler, It. tO Polzl, 0.: Wien. kl. W.schr. 1907: 20*: 15C5. 
Levaditi, C. & Y amanouclii, T.: E. r. Soc. Biol. 1907: 63": 740. 

Maltaner, Elizabeth tfc Frank: J. Imm. 1945: 51: 195. 

Pangborn, M. C.: J. Biol. Cliem. 1942: 143: 247 and 1944: 153: 343. 

Porges, 0. <& Meier, G.: Berl. kl. W.sdir. 1908: 45h 731. 

Beyn, Alice: Ugeskr. f. Laegor 1941: 103: 137 and 145. 

Vogelsang, Th. M.: Sero-diagnostic de la Syphilis. Bergen 1940. Acta med 
scand. 1946: 124: 103. 



from DBF. III. KOj;*'"™ 

(CHIEF: PROF. KNUD SAND , M.iJ-j — 


COMPLEMENT FIXATION IN HEPATITIS WITH SOME 
LIPOIDS FROM LIVER-TISSUE 

By 31. Bjornchoc, P. Krag and F. Lnndqvist. 

In earlier experiments*) it was demonstrated, that the complement- 
fixating effect in liver-suspensions resisted drying at 40" and subse- 
quent storing at room temperature. 

Knowing that liver-suspensions react with all WR positive sera, 
while WR-antigen reacts only with a small number of hepatitis positive 
sera, it seems probable, that the liver-suspensions include two an- 
tigenic fractions. We have studied several lipoid fractions from normal 
human liver, and have found, that both substances soluble in ether 
and substances insoluble in ether but soluble in alcohol may react 
with hepatitis sera — therefore the following fractions were prepared: 

Dried liver powder was extracted witli Iiot ctliei’ — then Sphingomyelin 
precipitated during cooling — Cephalin precipitated by alcohol and Lecithin 
taken as the soluble rest. From each fraction is prepared a suspension in 
saline containing the lipoids in the same concentration as in the untreated 
liversuspension. 

In the complement fixation Cephalin showed no reaction with 
hepatitis sera. The other preparations gave promising results tested 

with sera that in previous experiments had shown reactions with liver 
suspensions: 


Mean value of .strength in fixation 


Hepatitis sera . 

Number of 
sera tested 

9 

Lecithin 

0 

G 

Syphilis and Hep. sera 
Syphilis sera .. 

3 

O 

No liver disease 

» o 

1 

5 

not tested 


tests. 

SpliinRo- 

niydin 

9 

3 

1 

0 


*) Acta path. XXIV. 352. 1947. 


N’oii-Ircatcd 

liver 


9 

•i 

2 

8 
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New amounts of sphingomyelin and lecithin were prepared from 
the same liver-powder — the two fractions were purified by repealed 
precipitations (sphingomyelin precipitated from methanol with Am- 
monium Reineekate. These two new preparations did not show the 
above demonstrated difference in complement fixation power — in 
fact they resembled each other highly; this suggests that the wanted 
liver-fraction has not been isolated or consists of an unknown mixture 
of lipoids. 

Both liver-suspensions and sphingomyelin-suspensions show in- 
creased reactivity, when a small quantity of cholesterol is added. 

Investigations on these lines are continued in our laboratory. 


NO DISCUSSION 





COMBINED DIPHTHERIA AND TETANUS 
IMMUNIZATION 


Bj' Inga Schcibel & Knud Bojlin. 


Hitherto the interest in active immunization against tetanus has 
been rather very slight in Denmark and, it is our impression that 
the same applies to the other Scandinavian countries. For a long wliile, 
we think physicians were inclined to rest satisfied with the scrum 
prophylaxis — which naturally meant an enormous advance in the 
fight against tetanus. After the adoption of this measure during .the 
previous world war the tetanus morbidity among the wounded soldiers 
fell from 9 % to 1.4 %. 

Now and then, however, in spite of thorough prophylaxis, instances 
of tetanus make their appearance. In cases with a long incubation 
period or in cases of slowly healing w'ounds, in which a toxin-producing 
focus possibly still may persist, there is a risk that the antitoxin 
given to the patients may have become eliminated at a point of time 
when the production of toxin still may take place. Besides, now and 
then a case of tetanus may set in after such a slight injury that the 
patient had not found it necessary to seek medical advice. 

Considering, moreover, that the prophylactic serum treatment not 
infrequently gives a moderate or more severe degree of serum sickness 
— the incidence is given as being up to 40 % — and that through the 
injection of serum we run a risk of sensitizing several of the patients 
to horse serum — which naturally will be rather inconvenient if later 
on in life some form of serum therapy is indicated — it may reason- 
ably be said that passive immunization against tetanus is no ideal pro- 
phylaxis. 


us. however, this requirement seems to be met almost completely 

by the other possible way of protecting against tetanus: the active im- 
munization. 

Of course it may be said that in peace time tetanus plays only such 
a modest role that it would be unreasonable to inaccomodaL the 

Acta path. Vol. XXV, 1—2 


12 



178 


public with an additional vaccination. Yet, according to the data f.,r 
nished by Perdrup, nearly 40 cases of tetanus occur cvcrv vcar in U • 
country, 15 of them with a fatal outcome. If we reckon, hoViver tlial 
a majority of these cases — and presumably all the fatal — might have 
been avoided by active immunization, it seems to us to be highly worlh 
while again to try to awaken an interest in this form of prophylaxis 

The principle of the immunization is the same as in immuniyalion 
against diphtheria, namely; antibody production after injection of te- 
tanus toxoid, i. e., tetanus toxin which through a formalin-heal treat- 
ment has lost every trace of toxicity hut preserved its antigenic Ca- 
pacity. 

The fundamental work in the field of immunization in tetanus was 
carried out by Ramon & Zoeller. In 1928, in the French cavalry an 
extensive experiment was carried out with a view to this point, and 
the results thus obtained appeared very convincing: In spite of serutn 
prophylaxis, cases of tetanus appeared among the non-immunized 
horses at the usual rate of frequency (about 4 ®/oo), xvhcrcas no in- 
stance whatever turned up among 35,000 horses which had been given 
3 anatoxin injections. Ten years later, some of these horses were re- 
examined, and they were found stilt to he fully protected against a 
massive infection with tetanus spores. Since 1936, immunization 
against tetanus has been obligatory for the soldiers in the French 
army. In 1939 both the British army and R. A. F. introduced immu- 
nization against tetanus. Like all other vaccination in England, this 
was a voluntary measure, and yet 90 — 100 % applied for the immu- 
nization. In 1942 the army of U. S. A. adopted tetanus immunization 
as a compulsory measure. 

In Denmark the first tetanus immunizations were performed by 
Schmidt, Madsen & Ahrend Larsen in 1930 and 1935 when a part of 


the personnel of the State Serum Institute xvas immunized, with ex- 
cellent result. In spite of the encouraging experiments in other coun- 
tries as -well as here, active immunization against tetanus has been 
employed hitherto only to a very slight extent. It was our hope, there- 
fore, that perhaps it might he practicable to make use of the strong 
foothold xvhich the diphtheria immunization gradually has gained in 
the Danish population and, so to speak, slip tetanus immunization 
into general practice by preparation of a prophylaetic containing both 
diphtheria and tetanus antigen, so that an effective immunity against 
both diseases might he obtained simultaneously without any increase 


in dose or number of injections. , • i 

In other countries, especially in France and America, comhincc 
immunization has been employed to a large extent. Thus, in France 
the immunization with diphtheria-tetanus prophylactic has been com- 
pulsory for children of 1—14 years since 1940. The prophylactics used, 
however, are prepared in rather different ways, and hence it ^'as nr 
ccssary more thoroughly to examine the Danish mixed prophj ac ic 
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in order to ensure that it tvas tully etfective with regard to both an- 

''®Tt Witt be appropriate quite hrietly to mention the very 

„t the P ophjfaclie and the first orienting cxpenmenls With that 

1‘. caS mtt on guinea-pigs. Both the f “"f^tt^^ 
tnnus toxin are submitted to a thorough punficaUon bj [“tratio 
through collodion membranes with pores of such a size that the mai 
part of the unspecific low-molecular substances pass throiigh the me - 
brane while the specific substance is retained. The purified toxin is 
detoxicated with small amounts of formalin at 32“, and then the excess 
of formalin is removed by a repeated ultrafiltration. Now the prepar- 
ations have become so poor in nitrogen that in dilutions of 50 Lf units 
diphtheria anatoxin and 25 Lf units tetanus anatoxin they are com- 
pletely adsorbable on 10 vol. % aluminium hydroxide — that is, the 
same amount as w’e employ in the unmixed diphtheria prophylactic. 

In experiments on guinea pigs with this mixed prophylactic it w'as 
found to induce an excellent antibody production against both anti- 
gens. Still, a certain degree of antigenic antagonism could be demon- 
strated, as higher titers Avere obtained by immunization Avith the un- 
mixed prophylactics separately. But this inhibition of the antibody 
production Avas of such a Ioav magnitude that it could hardly be 
imagined to play any practical role. Indeed this vieAV Avas later con- 
firmed by the outcome of the immunization results on human subjects 
Avhich noAV Avill be presented. 

This investigation comprises altogether 34 persons, 20 of AA'hom 
Avere students, 14 inmates in an asylum. 

The vaccine contained per cc.: 25 Lf units diphtheria anatoxin 
and 25 Lf units tetanus anatoxin adsorbed on to 10 % Al(OH) 3 . The 
dosage Avas the same as usually employed in Denmark: 2 injections of 
1 cc. at an interA’al of 4 Aveeks and a 3’ injection about 1 year later. 
The antitoxin content of the serum AA'as examined before the first in- 
jection, 1 3 months after the 2’ injection, prior to the 3’ injection, 
9 days after the 3’ injection and, in some cases, also 2^—3 years after 
the commencement of the immunization. 

41 has not been possible quite consistently to carry 

soThatil u' /''hich have been going on for some years. 

that h e v! the mean titers it is only in some degree 

that the Aarious calculations cover precisely the same persons The 
ntitoxm curves for the individual subjects proved to takfa very u^- 

ferent'^poSsT/r^^^ obtained for the persons examined at dif- 
tr^At^nH V 1 "r distributed fairly uniformly Avith regard 

tor me lrr„? me m Z ' . 

whelher the age of the stibiertV'"' ‘“'o the question 

antibody producUor ' “ P”' ■''eanh to the 


12 » 
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In the graph presented in Fig. 1, the age of the subject is plotted 
along the axis of abscissas while the antitoxin production in units 
(A. U.) after the 2’ injection is plotted logarithmically on the ordinate. 
X gives the diphtheria titers, while the points signify the tetanus tilers, 
It will be noticed that at no age is there any accumulation of high or 
low titers. So, in the further treatment of this materiel we have left 
the age difference of the subject out of consideration. 

Table 1 illustrates the diphtheria antitoxin production. In this ta- 
bulation we have entered only the subjects who prior to the immuni- 
zation contained no measurable amounts of natural antitoxin, because 
even though a naturally immune organism contains but very small 
amounts of antitoxin it will respond to an injection of vaccine with 
a far stronger antitoxin production than docs a non-immune organism 
(Glenny & Siidmersen). 

For the sake of comparison wc have also recorded the tilers ob- 
tained after diphtheria immunization of a group of persons picked out 
at random in Copenhagen who had been immunized with a corre- 
sponding diphtheria prophylactic without any admixture of tetanus 
antigen (Table lb). 

As will be noticed from Tabic 1 a and b, the antibody formation 
after the two immunizations takes a very uniform course. Neither the 
immediate response nor the stability of the immunity .show any greater 
differences than may be due to exj)crimcnlal errors. The condition that 
has to be met by the prophylactic — that it protects effectively as 
many subjects as possible — is met just as well on employment of 
the mixed prophylactic as when the diphtheria proj 7 hylactic is em- 
ployed alone. 9 days after the 3' injection of the mixed prophylactic 
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Table ■/. 

Diplidicri’a Antitoxin Titer. 

' • rt .1 


A. U. per G.c. (Geom. mean). 
< 0.01 A. U. per c.c. 


3—12 weeks 
after 2’ inj. 

0.12 (27) 
0 


12-18 monllis 
after 2’ in]. 

0.091 (22) 
.1.5 % 


9 (lays 
after .T inJ. 

5.G1 (18) 
0 


b) Immunization with Diphtheria yroyhylactic. 


A. U. per c.c. (Geom. mean), 
g 0.01 A. U. per c.c. 


.1 weeks after 
2' inj. 

0.51 (38) 
5.1% 


One year Inter 

0.0G5 (25) 

8 . 0 % 


rl Immunization with combincii Diphlhcria-lela nus prorhylaclic. 

- * * r. .tnfC 


18—21 months 2 (lays after 

3' inj. •<’ ‘"i‘ 

.‘l.U. per C.C. (Geom. mean). 0.32 (9) 0.36 (9) 

< 0.01 A. U. per c.c. 0 0 


•I (!nv.s nflcr 
-i‘ inj. 

O.GO (9) 
0 


C (lays after 
inj. 

0.92 (9) 
0 


cl) Immunization with Diphtheria prophylactic. 



2'/s years nflcr 

7 iln.vs nflcr 


3’ inj. 

(• inj. 

U. per c.c. (Geom. moan). 

0.23 (12) 

3.10 

g 0.01 A. U. per c.c. 

0 

0 


the diphtheria antitoxin titer has increased to 5.64 units i. c., more than 
60 times. For this injection, unfortunately, we liavc no suitalile con- 
trol material. But, ive think, this rise may be said to he of such a 
magnitude as to be convincing in itself. 

IVa — ^2 years after the 3’ injection we had occasion to take samples 
of blood from 9 of the vaccinated subjects, who at the same time were 
given an additional injection (4’ injection). As will he noticed from 
table 1 c, all these subjects still showed an antitoxin content over 0.01 
unit per cc. before injection. Additional samples of blood were taken 
2, 4 and 6 days after the injection in order to see how soon the anti- 
body production would be set a-going in a sensitized organism. 

For comparison we have recorded the titration results after im- 
nmnization wdth diphtheria prophylactic alone performed in 1941 on 
inmates in the same institution as those examined in the present worlc 
(Table 1 d). 

Thus, an additional injection (injection de rappel) — the signif- 
icance of which to the stability of the protection against diphtheria 
has been emphasized especially by Ramon & Zoeller — gives also a 
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rapid and pronounced increase in antitoxin on einplovnicnt of ihn 
ombined prophylactic. This rise commences between 2 and 6 davs 
after the injection. The antitoxin determination on the 4’ dav stiows 
a slight nse, it is true, but the few observations in this group do not 
allow of any definite conclusion in this respect. In contrast hereto be- 
tween the 4’ and 6’ days the antibody production sets in almost ex 
plosively, and it reaches the same level as after immunization wilh 
diphtheria prophylactic alone. 

So, as far as protection against diphtheria is concerned, there ap- 
pears to be nothing that may he taken as an objection to the employ- 
ment of a combined prophylactic — something that is quite in keeping 
with the outcome of American and French investigations into this 
problem. 


In judging of the result of the tetanus immunization we meet with 
no complication of the problem from the occurrence of natural im- 
munity, as natural tetanus antitoxin appears not to develop in man. II 
is true that Tenbroeck & Bauer in 1923 reported that in a group of 
Chinese they had found natural tetanus antitoxin, hut no such ob- 
servation has ever been reported since. Among others, Eric.sson and 
collaborators (1944) examined a fairly large number of recruits in a 
Stockholm regiment without finding any instances of natural anti- 
toxin. Nor has it been possible to demonstrate the presence of anti- 
toxin in persons who have survived a tetanus infection. 

The minimum amount of tetanus antitoxin to be required for pro- 
tection against tetanus is difficult to estimate. In the literature state- 
ments on this point vary from 0.3 units per c.c. to about 0.001 units 
per c.c. In prophylactic serum therapy the usual dose is 3000 units 
injected intramuscularly; and according to Madsen and Wolter & 
Dehmel this gives a maximal titer of 0.2 — 0.5 unit per cc. on aboiil 
the 3’ day. After this, the titer keeps falling daily, and after 2—3 
weeks it is no longer measurable. In their studies, Ericsson el al. found 
less than a total content of 250 units — or less than 0.1 unit per cc. 
— in 77 % of the subjects 8 days after the injection of 3000 units. 
According to Sacquepee & .ludc the antitoxin titer falls even more 
rapidly in patients who have received horse scrum before, so lhal 
here the period of protection cannot be reckoned to last longer than 
about one week. 

According to the experiments reported by d’Antona & Vnlcnsin am 
Bergey, Brown & Etris, actively immunized guinea-pigs appear to be 
better protected than passively immunized animals showing the same 
antitoxin content at the time of the infection. Actively imnnmizcd 
guinea-pigs \Ycre able to stand the injection of 200 x M. L- . 
tetanus toxin without having symptoms of tetanus when their scrum 
contained about 0.02 unit per cc., whereas passively immunized guinc.i- 
pigs containing about 20 times more antitoxin (about 0.4 unit per cc 
died or had very severe tetanus from injection of the same ainounl • 
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, . • I ^ ♦hnm<tplves subculiincously a dose 
toxin. Wolter & Dehmel injected ^ 

^''"oTtheTasTs onbesTv^ %ll 

“.ttfbcen adopte":! by Several Aa^crican iavcsHgalor.,. ,v„Hc 
Ericsson and collaborators suggest 0.01 unit. 


Table 2. 

Tetanus Antitoxin Tiler. 


a) Immunization ^vith combined Diphlhcria-lelanus prophylactic. 



3—12 

12—18 moDlIis 

9 (l.nys nUcr 


nfler 2’ Inj. 

nfler 2’ inj. 

3- Inj. 

A. U. per c.c. (Gcom. mean). 

0.19 (31) 

0.012 (29) 

13.2 (25) 

g 0.02 A. U. per c.c. 

0.4 % 

55.2 % 

0 


b) Immunization with Tetanus proThylactic. 




G weeks after 

1 yenr nfler 

2-3 weeks 



2’ inj. 

2' Inj. 

nfler 3’ I’liJ. 

A.U. per c.c. 

(Geom.mcan). 

0.11 (36) 

0.013 (35) 

0.59 (3G) 

g 0.02 A. U. 

per c.c. 

27.8% 

77.2 % 

0 


c) Immunization with combined Diphlhcrin-tctarius prophylactic. 


A.XJ. per c.c. (Gcom. mean). 
S 0.02 A.U. per c.c. 


1'/:— 2 years 
nfler .T inj. 


0.23 (15) 
13.4 % 


2 (lays arier 
r inj. 

0.28 (15) 
13.4 % 


4 (lays aflcr 
4’ inj. 

0.24 (15) 
C.7% 


G flays nn<‘r 
■I’ Inj. 

2.8S (15) 

0 


We have had no opportunity ourselves to perform control experi- 
ments 'with tetanus prophylactic alone, llie control values given in 
Table 2 b are taken from the investigations reported by Wotlcr & 
Dehmel, who employed a tetanus prophylactic of similar composition 
and potency as the Danish one. 

Also the tetanus antitoxin production appears not to be influenced 
by the fact that a prophylactic combined witli diphtheria antigen was 
employed. The mean values are practically alike except after the 3’ in- 

hasrodi?/tb combined prophylactic 



184 


ing fi^gures after immunization with tetanus prophylactic alnnr. .r 
spec ively 27.8 and 77.2 %. Thus a combincd'^royJStctrb „ .2 
about an antitoxin titer of > 0.02 unit per cc. in at any rale just n 
many subjects as had the tetanus prophjdaclic alone. After 3’ inicc 
bon a very pronounced increase in mean litres is seen in both groups 
nie difference between them may find its explanation in the differ- 
ence of interval between injection and blood tests. 

Whether it really may be safe not to give immunized injured pa- 
tients any tetanus serum but simply a repeated injection of prophy- 
lactic, will depend on the length of the incubation period and of the 
ppidity with which the antibody production sets in after repeated 
injection of prophylactic. Tlierefore we have looked into the effect of 
an injection of prophylactic given 2 years after the 3’ injection, 
that is, corresponding to what will happen in an immunized person 
who suffers a traumatic injury and then is given an injection of pro- 
phylactic instead of serum (Table 2 c). 

It will be noticed that only in 13.4 % of the present subjects docs 
the serum contain less than 0.02 units per cc. as long as IVa — 2 years 
after 3’ injection, whereas the antitoxin titer after the 2’ injection fell 
below this value after 1 — 1% years in no less than 55.2 % of the sub- 
jects. This illustrates once more the importance of the 3’ injection. 
In 6 days after the injection there was a pronounced rise in the liter 
in all the vaccinated subjects but one who, on the other hand, had 
shown an unusually high titer (5 A. U. per cc.) prior to the last in- 
jection. 

The incubation period for tetanus is stated to be 6 — 14 days. In 
rare cases it may be a little shorter, and not altogether infrequently 
it is a little longer. 

Tlius we have found that before the end of the incubation period, 
the antitoxin production in a fully immunized individual in response 
to an additional injection of prophylactic will be increasing strongly 
at a point of time when toxin formation still is too slight to manifest 
itself. From 4 to 6 days after the injection and in the following dap 
or weeks the antitoxin titer will be rising steadily, and then it will 
fall slowly — in contrast to the passive immunity which will have 
disappeared after a couple of weeks, occasionally even as early as 
after one week. So our findings may be taken to indicate that it will 
be safe to replace serum injection with an injection of prophylactic 
that should be given within 24 hours after the injury. 

This procedure has been employed in the American and hrcnci 
army and air forces in the last world war. In the Brili.sh army aiu 
in R A F. both serum and an injection of prophylactic have nee 
given to all the wounded, while the troops from the colonic.s every 
year were given an injection of prophylactic that was repeated if they 

were wounded. c^nniv 

As yet the reports from the war on this point are rather .scam. 
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accidental. Stiit, liUc one cxpcrintcnts onn'^Xu'e. 

jeclion of aernm may be replaced tvilh „osai- 

When the final reports arc publishccl, no doi , 
bility of getting this question clucidatcil so tboroiig . • 

settled conclusively. 


DISCUSSION 

VoGELStUNG, Th.: I have been greatly interested in the i)nper read 
by Dr. Scbcibcl. It has been discussed at great length, indeed, 
an effective immunization may be obtained by combining the dipbtbc- 
ria vaccine with other vaccines. From the investigations reported by 
Inga Scheibel and Knud Bojicn it is evident that Ibc immunizing 
effect obtained by simultaneous injection of dipblbcria-anatoxin and 
tetanus-anatoxin is just as good as the effect from their separate injec- 
tion at different points of lime. 

The primary aim must be to gel the population immunized against 
diphtheria. It would be preferable to vaccinate the children with two 
injections in the second half of the first year of life and give the 
third injection one year later, and then — in order lo obtain a long- 
lasting immunizing effect — a new injection at the beginning of 
school age, and the final injection when the children leave school. 
Hereby it should he possible gradually to get the entire poinilalion 
immunized against diphtheria. 

After the examinations performed, in this conneclion. llie queslion 
is to be ventilated whether the children also should be given Iclanus 
vaccine simultaneously with the diphtheria vaccine. To sclllc Ibis (pics- 
tion, I hope that Dr. Scheibel and Dr. Ilojlcit will continue their sludics 
on a larger material. 

When it comes to vaccination of recruits, on Ihc other hand, 1 
think that the vaccination against diphtheria alone ought to be re- 
placed as soon as possible wilh the combined diplitlicria-tctamis vac- 
cination. 


Scheibel, Inga: We have not been able to deinonslralc any better 
antibody production after vaccination with combined vaecinc inerelv 
the same as fixed. When we advise against simultaneous vaccinalioli 
‘’!P^^th<iria and for inslancc, typhoid fever, it is not so much 

lionVn I"' Combined vaccinn- 

cination of U,? recrairwho°^ir''l'''^' 

diphlheria, while combinini, Ih i ''•■'“'''“'"I OBninsl 

<« coniinne rvi.h r'pLX' pr nSXi"', = 



from the state BACTERIOLOGWAL LARORATOm STOCr,,n,„ 
DinECTOB: PROF. G. OLIN. ' 


IN VITRO METHOD FOR TESTING THE 
TOXIN-PRODUCING CAPACITY OF DIPHTHERIA 

BACTERIA 

By Orjan Ouchlcrlony. 

There exist at present several methods for testing the toxin- 
producing capacity of diphtheria bacteria and some arc very well 
known and minutely elaborated. Roux, Ehrlich, Romcr, Ramon and 
Claus Jensen arc all names connected xvith this field of investigation, 
where the experiences also many a time have opened a way to in- 
x'estigations of other kinds of toxin-producing bacteria. iMiich theory 
and speculation concerning antigen-antibody reactions in general and 
toxin-antitoxin reactions in particular is also based on observations 
of diphtheria toxin-antitoxin. 

The theoretical background to the method for toxicity testing, of 
xvhich there xvill be given <in account below, will only bo quite sum- 
marily treated, inter alia for want of space, but is to be piihlishecl in a 
separate paper. 

The present account is only intended to demonstrate how an ob- 
served manifestation of diphtheria toxin-antitoxin binding occurring 
in semisolid media, has been arranged to be of best use to the diph- 
theria diagnostic laboratory work. 

First there will be given a brief account of some explanatory model 
tests. These tests have been made in Petri dishes xvith scrum agar 
(1 % agar, 50 % scrum). In test 1 two so-called penicillin cups were 
placed on the surface of the medium, about 3 cm from each other. 
Dipthcria toxin (27 FlU/ml) was poured into one of the cups and 
antitoxin (45 FlU/ml) into the other. The plate was then incubated 
at 37° C. After two days a thin streak could be observed between the 
cups and it grew sidewards little by little. Beside the primary di.slincl 
streak a couple of adjacent streaks, somewhat less distinct, were .dso 
observed. — Test 2 was arranged in the same way, but here the toxin 
was first heated (70” C— V 2 hour). A distinct primary streak as in lest 
1 was however not to be seen in this test. 
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In test 3 ttiphUiciia immune scrum to “ J,ps placed 

medium was added to the scrum agar in tl c plate. 1 

r “'id-fo’rd irpr, :Srr.r^m‘da:; ifruXt:. at 

37"" 48 hours a halo tormation, whose diameter was larger the 

Lwef me toxin stJength in the cup had been, eoiiid he 7”';;^ 

each cup. On continued observation it could be seen a 
diaincter of the halo increased and that nniltipic halo phenomena ap- 

^ * In test 4 a series of immune scrum plates with falling (luanlity of 
antitoxin 10—5—2.5—1.25 FlU/ml medium was made. On each plate 
there was placed a cup containing toxin of strength 25 FlU/ml and the 
plates were incubated at 37“ C. After one or two days there appeared 
around the cups a halo formation. The larger the diameter of the halo, 
the lower the content of immune scrum of the plate. I'he first halo 
observed was formed in the plates with a high content of immune 


serum. 

In test 5 a smearing of the strongly toxin-producing strain PW 8 
was made on an immune scrum plate (5 FlU/ml medium), which was 
then incubated at 37“. After 24 hours there ajipearcd around the grow- 
ing strain a halo, which increased in strength during the following 
daj’S. 

In test G some diphtheria strains, which had shown themselves 
toxic or atoxic in guinea-pig tests, were smeared on a plate as in test 
5. After some days there could he seen halo formations around the 
smearings of the toxic strains, hut not around the smearings of the 
atoxic strains. 


In test 7 finally, a transversal trench was cut out of a serum agar 
plate and immune serum agar was poured into this trench. Across 
the plate, at right angles to the trench, the strain PW 8 and some 
diphtheria strains, toxic and non-toxic to guinea-pigs, were smeared 
The plate was then incubated at S?”. Between 24 and OG hours after- 
wards there could he observed moustache-like streaks, going out from 
the bacterial growth, in the angle between the trench and the growth 
(Fig. 1). the first strain to produce this streak was PW 8 The 
primary distinct streaks originating from this strain and the toxic 
s rams gradually turned off to the corresponding streak of the adjacent 
s rn.„ and f.nahy il. Waakcr sirenkx, .appearing xo.ncrvhal h , 

eriere ^ith the primary more distinct streaks hut crossed them 
apparently without being affected " ’ 
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Fig. 1. 

Serum agar plate with a trench containing immune serum agar as in model 
test 7. Two strokes of the strain PW8 demonstrating interference 

phenomena. 

body diffuse towards each other in an indifferent gcl of .suilnlile 
consistency, e. g. gelatin or agar, there will appear, under certain 
circumstances, a streak- or band-like precipitation in the gel between 
the two diffusing components. The reaction is probably of the same 
nature as that between an antigen and antibody. The position of this 
band of precipitation in relation to the two diffusion centres depends 
inter alia upon the initial concentration and the diffusion velocity of 
the t\vo reacting substances. A similar reaction is obtained if antigens 
are allow'ed to diffuse in gels with a suitable constant content of anti- 
bodies or vice versa. In these cases the reaction appears at varying 
distances from the diffusion centre, depending partly on the concentra- 
tion conditions, the diffusion velocity and the time elapsed before Ihc 
reaction becomes visible. 

If different antigens and antibodies have been mixed, iinilliple 
reactions appear and the different systems react independently of one 
another. In these cases it is possible through a special proceeding to 
obtain interference and crossing phenomena, which may be of help 
in the qualitative analy'sis (test 7). The diffu.sion method can also be 
arranged so as to allow quantitative estimations within certain limits 
(tests 3 and 4). 

In the practical tests of the in vitro method odo strains of Coryiic- 
bactcrium diphtheriac were examined parallelly to guinea-pig tests 
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(subcutaneous inoculMion fron. 48 hours sc™ 

These strains were fresh pure cultures ninhlhcrK Deparlincnl 

sent in for bacteriological examination to Herrmann’s 

of the Laboratory. As selective primary substrate Claulic g 

^.'cshea indicalL Ptalcs “'thus 

In the in vitro tests all strains were examined by f 
on a series of serum agar plates with a falling content of diphlhciia 
immune serum. The plates were read after 48 96 hours and 

then after 8 and 16 days. They were incubated at 3/ during the firs 
96 hours but then kept at room temperature. The appearance of a 
specific halo around the bacterial growth was registered as a positive 
reaction. Besides the strains to be tested the strain PW 8 was inoculated 
on all plates as a control. 

The investigation material was divided into two groups. In the 
first, 237 strains were examined by using a scries of scrum agar plates 
with an antitoxin content of 12.5 — 10.0 — /.5 — 5.0 2.5 and 1.3 FlU/ml 

medium respectively. In the other group 308 strains were examined 
by using a series of plates with an antitoxin content of 40 — 20 — 10 — 
5—2.5 FlU/ml medium rcspcctivclj'. Moreover these plates contained 
potassium tellurite to 0.16 %. 

In the first group the time after which a positive reaction for the 
126 toxic strains could be visible was 48 hours in 92 % and 96 liours 
in 8 %. No further positive reactions could be observed on continuing 
the control for two weeks. The highest antitoxin concentration at which 
a positive reaction could be observed was 12.5 FlU/ml in 31.7 %, 10.0 
in 29.4 %, 7.5 in 21.4 %, 5.0 in 10.3 %, 2.5 in 6.3 % and 1.3 in 0.8 %. 
None of the strains had 0.63 FlU/inl as its highest reaction value. 
Calculated on the antitoxin concentrations 10—5—2.5—1.25 FlU/ml 
the majority of the, strains showed a reaction in two or three plates 
with an adjacent content of immune serum. More exactly, in 14 % 
the zone width was one, in 65 % two and in 22 % three consecutive 
concentrations. 

In the other investigation group the time after which a positive 
reaction might be seen, was 48 hours in 90 % and 96 hours in 10 %. 
No further positive reactions could then be observed. The highest con- 

positive reaction, was in this group 

• - 1 ™ f ^ 6 in 10.8 %. The 

majority of the strains gave a positive reaction in two or more conse- 
cutive immune serum concentrations. 

P!" comparative in vivo and in vitro 


tests is mnao » II - n lu vivo aiiu 1 

wo method m ^ ^ conformitv between the 

t"o methods m the primary testing appeared in 8 5 ^ in n,! r ! 
investigation groiin and in R 9 cy • ^ ‘micaicu in o.o /<, m the first 

-r ■ [ 

of mouX lie 
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verified as the investigation continued. This result and the inili.nl 
discrepancy between the two methods might to a certain extent lie 
explained in the following way. During the course of the investigations 
the tested material may have changed so that certain strains have losi 
their toxinproducing capacity or that on continued cultivation onlv 
atoxic variations have been transferred. 


Table 1. 

Besults of the comparative in vitro and in vivo tests. 


1 

Group 1. 

Group 2. 

Number of strains tot. 

Plates without tellurite 

Plates with Iclliirilc 

545 

237 

308 


Results 

o/o 

^'o 

G - P — 

43.9 1 

31,4 ] 


} 91.5 

93,8 

G -1- P -f 

47.6 j 

59,4 J 

G + P ~ 

5.1 ] 

2,0 1 


t 8,5 

6,2 

G - P 

3,4 J 

4,2 J 


G. guinea-pig test 
P. plate test 


Table 2. 

Results of repeated comparative tests of the strains showing lack o con 
formity in the primary examination. 


Group 1. 

Tot. 237 strains 
20 strains with discrepancy 
in primary tests. 



Repeat, test 

1 nni. icsi 

0-1- P4- 

G- P— 

G-f p— 12 

7 

5 

G— P4- 8 

8 

— 


Group 2. 

Tot. 308 strains 
19 strains with discrepancy 
in primary tests. 


Prim. Icsl. 

1 

Rc])cal. test 

O-i- Pr i 

G4- P- 6 

1 i 5 

G- P-f 13 

5 : 8 


G. guinea-pig test 
P. plate test 


In table 3 at last the loss percentage of the two ^ 

testing is shown, calculated on the number of the toxic -strain 
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in the primary examination. It is licncc clear, that the methods^ used 
for this examination showed aljoiil the same values ■ P h.d % nnrl 
G 6.3 %. 


Tnhlc 3. 

Loss percentage of in vivo and in vitro methods cnlculated on the minihcr of 
file toxic strains found in tlic primary investigation. 



Numher of 

Percentage loss 


toxic strains 

!• 

1 <• 

Group 1 

133 

9,1 

G,0 

Group 2 

202 

3.0 

1 

(),a 

Total 

33.5 

5,3 

1 


G. guinea-pig test 
P. plate test 


Finalij', it may he added that in the cases where a qnantilalivo 
estimation of the toxin-producing capacity of the diphtheria strains 
is not neccssarj', hut onl}' information of the toxicity or non-toxicitv 
of the strain is wanted, the modification of the in vitro method, which 
has been described in model test 7, is belter suited for routine work 
Though up to dale there do not exist results of larger examination 
senes with tins technique, it seems to conslilnle, if one mav judge 
from present experiences, a reliable in vitro method. There exists 
oth through interference and cross phenomena a possibililv of making 

IhrSes ” in 


. Summary. 

Alter the description of some model experiments llmr. u „• 
an account of the rpsiiUc ^ • • • . * lucre is given 

in vivo IcL or tZ, .. n , ■:'n-'l«>rv,l will, 

baoterio. ' '»’i”'-l'r-><liicine ca„„cil,v of 


Pnasi- 

remarkable feature is Ihn nviv i* ^ ^^If^cciilnlion reuclion A 

nPPear in Ouchlor,:; I-': “ Th,;l 

great flocculation zone in S n,7r the relalivelv 

be tackled with Ouchterlony’stcLiimmklr '"‘'V 

the nature of the false flocculaUo " 



FROM THE DEPARTMENT OF PATHOLOGY <?r r/ii, 
STOCKHOLM (HEAD: N. R^imERTZ iLo!) 


THE LYMPHADENITIS PICTURE IN MAN WITH 
VARIOUS TYPES OF BACTERIAL im^ASION 

By N. Ringerlz and C.-A. Adamson. 

The study on which we are going to report has been based on a 
series of necropsy cases in which the Ij'mphoglandular system was 
systematically examined both bacteriologically and histologically. 



Briefly, the procedure consisted in excision, wilbout special asep- 
tic precautions, of whole lymph glands from the sites indicated in 
Fig. 1. In addition to the lymph nodes the tonsils were removed as 
well as a portion of the spleen and, in special cases, portions of other 
organs considered of interest. Furthermore, in all the cases blow 
plates were inoculated with material taken from the trachea and I ic 
main bronchi under, as far as possible, sterile conditions. Ihc cxciscf 
lymph glands, tonsils, and organ portions were three limes smi?c( 
with alcohol as soon as this could he done after completing the nc- 
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cops,., .snd su.3=,ucnu,. '' 

interiors of lymph glands oi orgs i«^nlh In the majority of in- 

cultnres were made on blood plates and , , ’ • , jj^viJig been ob- 

stances also Lowenstein’s mcdinm was used. Malciud b. g 
t.ained for culturing, the lymph glands and organ portions 
with formalin and prepared for histological examination. In a fair 
numbor ol insUmces, Ihc rcsoUs ot c.ill„rcs ma.Io ‘'."""S ^ 

the subject, serological litres and other clinical findings afforded xa 

luable supplementary information. 

As regards the composition of the senes, it can he staled I * 
cases are rather evenly distributed over the following groups: (i) tu- 
berculosis; (ii) various non-liibercular medical conditions; (m) sudden 
death of subjects previously healthy (control group comprising slrccl 
accidents, suicides, etc.). We do not intend to give a detailed presen- 
tation of the evidence afforded by the scries as to the infective ])iclurc 
within the Ij'mphoglandular system associated with various diseases. 
Adamson has made preliminary reports on this subject, viz. on the 
one hand, before the Swedish Medical Association in February, 19.10 
and, on the other, at the Meeting of Phthisiologists held at Gothenburg 
in June, 1946. However, it should he pointed out here that the source 
of error possibly entailed by the action of putrefactive micro-organisms 
apparently plays an amazingly slight role, and furlhcr that the group. 
Control Cases, as a rule presented negalive culture findings as well as 
absence of more well-marked histological indicalions of lymphadenitis. 
It must also be considered that particularly in the group. Tuberculosis, 
there is a high incidence rale of major infection of the lymphoglandu- 
lar system, i. e. principally by staphylococci and streptococci. 

What we propose to report in the present paper is a study of certain 
variations in the non-specific inflammatory jiicturc displayed by the 
lymph glands. There is apparently a correlation between these varia- 
tions and various common types of bacteria, such as streptococci, 
staphylococci, Esch.coli, and pneumococci. An essential feature of the 
non-specific lymphadenitis picture is the so-called sinus catarrh. This 
is manifested by considerable proliferation and swelling of the sinus 
endothelium, the sinuses in cases of severe irritation appearing dis- 
tended engorged with large cells rich in cyloplasma and round or po- 
b'gonal in shape, the nuclei of which arc rather small and round. 

lese cells show more or less conspicuous signs of phagocytic ac- 
inf, erythrocytes, leucocytes, and pigment, c. g hac- 
mosidenn and carbon pigment. Polynuclear leucocytes usuallv play a 
mmoi part m tbe picture of sinus catarrh, but are always present' in 

occr ,v,.icb „,c u.an\,.pi.„c,,^To„S;rs- 
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nucleus rich in chromatin and a rather sparse cvlonlnv:mn et • • 
red with Unna-Pappenheim’s stain. Transitions ^ire noted l.el'vccn 
these cells and, on the one hand, anatomically typical plasma cells -k 
well as, on the other, the pells of the pulpa reticulum. Tlie supposition 
readily suggests itself that these findings are due to differentiation of 
plasma cells out of reticulum cells; further, that the cells reseinl.linc 
reticulum cells and responding to Unna-Pappenlicim’s slain, are tran- 
sitional forms. In immunization experiments on rabbits Fagraetis has 
succeeded in producing this cellular reaction inter alia in lymph glands, 
and has reported certain facts proving that the reaction is connected 
with antibody formation. In the following, the phenomenon will he 
designated as plasmocytic response without prejudice as to ils bio- 
logical significance. This response may be excessive in certain cases 
of lymphadenitis. The cells under discussion will sometimes be .so 
abundant within the pulpa that they crowd out the lymphocytes from 
some areas, and in those instances thej' will also be found to inter- 
mingle in the sinuses with the large light sinus cells, from which llie.v 
arc easily distinguished. 

In surveying our material — which seems to be unique wilh regard 
to the fact that in a large scries, not only was there evidence available 
pertaining to the clinical conditions, serological litres, etc., but also 
that it was known which types of bacteria could be grown from cvcr.v 
lymph gland examined — %ve soon found that there appeared to exist 
a remarkable relation between the lymphadenitis and infection pic- 
tures, viz. in the following respects: — 

(1) Streptococcal infections (both by haemolytic and non-baeino- 
lylic streptococci) were associated wilh a particularly strong plasino- 
cytic response, whereas the ordinary sinus irritation was rather incon- 
spicuous in pure cases of streptococcal infection. 

(2) In those cases where streptococcal infection was cither absent 
or of minor importance, and where instead other organisms, viz. prin- 
cipally staphylococci and Esch.coli, predominated, there was no 
strongly marked plasmocytic response, the ordinary picture of sinus 
catarrh being instead evidenced proportional to the severity of infec- 
tion. First and foremost, we found that ample growth of staphylococci 
without exception corresponded to severe sinus catarrh, whilst hsch.- 
coli in certain instances seemed to be capable of producing poxserful 
irritation of this type, hut failed to do so in other cases. Since the 
glands in many cases were infected both by staphj’lococci and slrcpto 
cocci, a mixed picture of sinus catarrh and plasmocytic response wa-; 
fairly common. 

(3) A relation was thouglh to exist between pneumococcal infection 
and marked infiltration of the sinuses by polynuclear leucocytes. 

Examples of the histological phenomena described above arc given 

in Figs. 2 — 4. , 

In order to investigate whether these observations made px 
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Fig. 2. 

Plasmocytic Response in a Pneumonia Case wiUi Streptococci and Pneumo- 
cocci (Unna-Pai)penlieiin’s stain). 
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Sinus Catarrh in a Case witli Pure Slapliylococcal Infection. 
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Fig. 7. 

Plasmocj'tic Response. 


Sir. 

1 

31 

7 

Staph. 

30 

22 

Coli 

28 
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14 

42 


15 

27 


17 
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Staph. 


31 

22 

5 

37 


4. 


Sinus-Catarrh. 


22 

23 

14 

36 


5. 


Staph. 

and/or 

Coli 


19 

6 

17 

53 


6 . 


19 

19 

IG 

•10 
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plained by the circumstance that, in certain instances, Esch.coii may 
grow on culture media without having been pathogenic, as is indeed 
to be expected. Table 7 relates to streptococcal infection versus sinus 
catarrh. A considerable scatter is noted, but with a certain concen- 
tration at lower right, due to the frequent occurrence of sinuiltaneotis 
streptococcal and staphylococcal infections. 


Fig. 8. 


Pneumoeocci 

Leucocytic Hc.spon.se 

mm 

^ i 

i ++ 

0 . 4 . 4 . 

Not demonstrated 

58 

11 

3 

3 

Tonsil 

2 

1 

1 

1 

Trachea, Bronchus and/or Lymph Gland . . 

1 

1 

1 

11 


In Fig. 8 the correlation table is given for pneumococcal infection 
and ample occurrence of polynuclear leucocytes in the sinuses. In the 
histological gradation the same principle was used as above, viz. +4- 
and -f-f-h indicating conspicuous responses. In grading the infections 
another principle was adopted, as for various reasons pneumococci arc 
notoriously much more difficult to grow. The mode of gradation used 
will be seen from Fig. 8. Essential features of this table arc, on the 
one hand, the marked concentration in the upper left cells 1 and 
as well ag, on the other hand, the fact that out of 14 cases with rcicsanl 
pneumococcal infection, 12 show considerable leucocytic responses. 
Among the 6 cases at upper right, the leucocytic response is obscure 
in 2 cases; 4 were pneumonia casc.s, however, and in these Hacmoplulus 
influenzae was demonstrated, the presence of which possibly indicates 
a symbiosis wth a pneumococcal strain refusing to grow on culture 
media. We have considered the possibility of the Icueocytosis obserse 
in the lymph glands simpIy^ being due to leucocytes being (onseyci 
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the glahde front a pneumonio 
Td r. enppnrating pnlntonarp condWons rvnro 

“upper lefl'and that the 11 casco al lower right comprised wilhoiil 

'’"Twas'slaled above, a large proporlion of Ihe scries consisted of 
tuberculosis cases wilh lymph glands yielding m a high ™ 

both histological evidence of tuberculosis and giowlh on ^o 
medium. In practically all of these cases, there was at the same lime 
an ample invasion of staphylococci and streptococci, frequently both. 
In those portions of the lymph glands which had escaped specific tu- 
berculous inflammation, we observed a non-specific lymphadenitis 
picture with variation according to the foregoing. On account of mixed 
infection being present practicallj' without exception, it is not possible 
to apply statistical methods to the question of whether tuberculosis 
is in itself of anj' importance for the Ij’pe of the non-specific lympha- 


denitis picture. 

In our opinion the results of this combined bacteriological and his- 
tological investigation carried out with a material comprising human 
lymph glands are apt to arouse interest. We feel that the numerical 
evaluation, having regard to the sources of error which can he siqiposed 
to exist, shows a reasonable degree of positive correlation between 
streptococcal infection and the phenomenon of the plasmocylic re- 
sponse; between infection by other organisms, princi])ali.v staphylo- 
cocci and partly also Esch.coli, and the reaction of the sinus catarrii 
type; and, lastly, perhaps also between pneumococcal infection and the 
accumulation of polynuclear leucocytes in the sinuses. Al the present 
moment we are not prepared to discuss the biological significance of 
our observations. However, the result shows that it is well worth while 
to undertake a combined bacteriological and pathological investigation 
of this type with a series of necropsy cases. 


DISCUSSION 

f Attempting to discuss the biological significance 

son r” Ringertz and Adam- 

Tb n I r I ‘o the plasmacellular reaction. 

haAC found the same type of reaction after injections of bacteria! 
as well as iion-beclcriel anligeas. After intraveila inject on of tbc 

:lTan»:t“ t'lf 1; “ «l.‘eil to Pbl.:.e:|i: 

antibodies in the stum ,‘ 1 ""'"“ “"“'■“■'"i"" “f 

red pulp, wlicrcas tbc Ivmnb Mre'r" '? H" 

Vitro studies show fhai^n f '’^ry few plasma cells. In 

bodies in tissue cultures and thit'e fomiing anti- 

development or the plasmalcells wireu' S^JS'^nti'is'ift^M,:.; 
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formation under these conditions is linked to the 
differentiation of plasma cells and that the plasma cell is the morpl. 
logical manifestation of an intensively antibody-forming reticulum cell 
As I have found the same picture, also in the lymph nodes nfier 
injections of different kinds of antigen, I can hardly hclievc Ihal the 
plasmacellular reaction should be specific for the formation of -inii 
bodies against streptococci. The endothelial reaction found in Ivmph 
nodes with staphylococci might be partly or entirely a phagocytic re- 
action. The staph, c. toxin is very cell-toxic and Ringertz mentioned 
cells and cell debris deposited within the endothelial cells. That being 
the case there should be a difference in reaction if pathogenic or sapro- 
phytic staph, c. were found in the lymph nodes. 

The opsonic effect of pneumococci is very well known and might 
explain the accumulation of leucocytes found in lymph nodes with 
pneum. c. 


L. Heerup: On estimation of the histological findings in lymph- 
adenitis it is important to keep in mind that two types of changes mav 
be present: 1) changes produced by immunizing processes and 2) 
changes due to the difference in the tissue reaction produced by the 
various bacteria. 

As to changes of the first type, in Denmark, among others, Johan- 
nes Ipsen, Bj’orneboe, Jens Bing and Gormsen have dcmonstraled that 
the number of plasma cells is greatly increased in immunizing proces- 
ses, and they simply are looked upon as antibody producers. 

As to changes of the other type, Mcnkin has dcmonslratcd Ihe 
characteristic difference in the tissue Reaction to sfrcplococcus and 
staphylococcus infections. In staphjdococcus infections fibrinothrom- 
bosis takes place in the surrounding blood vessels and lympbalic, 
delimiting thus the extent of the inflammation, whereas in slrcplococ- 
cus infections fibrinolj'^sis takes place, promoting the clinically well- 
known diffuse spreading of the inflammation. 

Aseptic precautions arc advisable in the extirpation of the lymph 
nodes, as the findings of concomitant bacteria, especially B. coli, un- 
doubtedly arc due to superficial contamination of the lymph node?, 
the surface of which has not been sterilized thoroughly by the dis- 
infection methods here employed. 

T. Packalen: As to the misgivings put forth in the discussion — 
that the bacteriological findings might be misleading cither becau c 
the lymph glands have not been handled under observation o s cri r 
precautions at the autopsy, or because of postmortal invasion o ir- 
relevant bacteria from the outside — I should like to add a few , 

apart from what has been said already in favour of the rclia n i > 
the inoculating technique employed by Adamson; 

When these investigations were started we had some doubl o 
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selves as to the pvacticabiUty 

the working methods planned. But our cxpciicnccs 

haTah-eady mentioned some of the reasons for this. 

The bacterial findings ^Yhich most readily might he suspcclci 
originating from contamination or poslniorlal invasion consisted m 

strains of colon hacilli, staphylococci, a and y findings 

colon bacilli, it is to be emphasized that - according to Ihc f ndings 
reported by Henriksen in Norway and by our investigators hcic 
Sweden — they occur far more frequently than has been assumed 
before, in the upper respiratory passages too. Practically all t ic 
staphylococci isolated from the lymph glands were of the aureus tyjie, 
hemolysin- and coagulase-positivc, i. c., pathogenic. Like other strictly 
saprophytic microorganisms inhabiting the upjicr respiratory passages 
(diphtheroid rods, saprophyta ncisserior, etc.) staphylococcus albus 
was not found in the lymph glands. It is difficult to imagine a selective 
postmortal invasion of the lymph glands by potentially and manifestly 
pathogenic bacteria alone, with suprc-ssion of the saproplij'les. It is 
even more difficult to understand any selective contamination in Ibis 
direction owing to the non-aseptic autopsy. On the other hand it 
seems quite natural that in a living organism the defensive forces 
would be able more easily and effectively to eliminate the evading 
saprophytes than the pathogenic bacteria. 

N. RiNGEnxz: In our opinion the technique here employed is ade- 
quate with regard to sterility. In the group of »controlsc the examined 
glands w’ere found to be sterile in many of the cases. Control exper- 
iments have been carried out in order to ascertain whether flamhing 
of the glands will kill the bacteria inside. A risk of this was found 
to be present in very small glands (smaller than hemp-seed), hut 
glands of this size have been exceptional in our material. Our studies 
furnish no evidence to the effect that the glands have been invaded 
post mortem by bacteria from other parts of the body to any great 
extent — at least not as far as the lymph glands of the respiralorv 
^lassages arc concerned. Growth of B coli from these glands will 
undoubtedly be due to premortal invasion. It reminds of the findings 
reported by Henriksen and Packalcn, showing colon bacilli to be pres- 
ent often m the sputum and throat swabs from patients. 

11 however, and even likely that bacteria present in 

I is mteted'f ?' PO'I nmrlcin. Tliis 

oS rl? ,r^f ■“ removed .-,1 ll,„r„v " r ' 

ll>o>.6h,h?SirgL"l ltare'„T.r^ 

inflammatory processes.^ ^ ^ ^ former indicated considerable 
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(CHIEF: PROFESSOR H. C. BENDIXEN). 


STUDIES ON THE AGGLUTININ FORMATION IN 
BRUCELLAR INFECTION OF THE GENITALS 
OF THE BULL 

By N. 0. Christensen. 

In their comprehensive studies on brucellar infection in the bull, 
with a special view to the bacteriological and immunological aspects 
of the semen, Bendixen & Blom found that in brucella-infected bulls 
with localization to the genitals the presence of agglutinins for Bru- 
cella abortus may he demonstrated in the seminal plasma, and that 
the agglutinin titer of the seminal plasma often is considerably higher 
than the corresponding titer of the blood plasma. This fact together 
with the circumstance that brucella-infected bulls without focal pro- 
cesses in the genitals very well may show a blood titer of a certain 
height while no agglutinins can be demonstrated in the seminal plasma, 
indicate that the formation of these antibodies takes place locally in 
the inflammatory processes produced by the Brucella bacteria. 

This paper is a preliminary report of studies aimed especially to 
find a morphological basis for this antibody formation by means of 
histological examination of such brucella-infected organs. 

My material comprises the genitals of 16 bulls (see Table 1), 13 of 
which were found at the above-mentioned examination to be infected 
with Brucella abortus, while 2 bulls (Nos. 115 and 116) were infected 
experimentally by injection of virulent Brucella bacteria into the 
vesicular glands, and 1 bull (No. 57) originated from a material of 
slaughter-house hulls. 

After the bulls were killed, the genitals were brought to the 
laboratory as soon as possible, and here an agglutination test for Brii 
cella abortus w'as performed on secretions pressed out — and if neces 
sary, centrifuged — from the ampullae ductus deferentis and tie 
glandulae vesiculares, besides, in some cases, on exudate from t tc 
sequestral cavity in the presence of necrotizing orchitis. In addition, 
the organs ■were examined thoroughly, macroscopically and liisto og 
ically. 
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anscncc of any agglutination. — inean.s that no aggluliiialion te.^t was made. 

>» Parcnthc.sis in the column of 
seminal plasma refers lo an earlier examination of llio .Munen. I-'or furUier 

dolails, see the text. 
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nn outcome of these examinations as well as the dates 

Zi t , slaugtered and the results of the 

last blood and seminal plasma examination prior to the slaughtering 
of the animals. In the individual cases, furthermore, the approximate 
duration of the illness is given insofar as data on this point have been 
available. Thus the duration recorded has to he looked upon as a 
minimum figure. Generally it may be established that here we' are 
dealing with more or less chronic cases of the infection, with a dura- 
tion of illness varying from about 3 months to about 3 years. 

From Table 1 it will be noticed that the titer of the blood plasma 
and the titer of the seminal plasma have lain at somewhat different 
levels, depending on the localization and duration of the infection. As 
a rule, however, the liter of the seminal plasma has been higher than 
that of the blood plasma when the ampullae ductus deferentis and/or 
glandulae vesiculares have been attacked. In those cases where also 
orchitis has been present (Nos. 126 and 128) the titer of the blood 
plasma was found to be rather considerably higher than the titer of 
the seminal plasma. Apart from a few cases that will be mentioned 
below, a very good agreement has been found between the occurrence 
of pathological changes in the organs brought about by Brucella 
abortus and the finding of agglutinins of a certain titer in the cor- 
responding secretions or exudates, and usually this titer has been 
considerably higher than the corresponding blood and seminal plasma 
titers. 

In 3 cases (Nos. 57, 124 and 126) some low titer values are re- 
corded in parentheses. No pathological changes were found in the 
organs here concerned, and presumably the occurrence of agglutinins 
in these cases has been due to a slight admixture of secretion or blood 
with a high agglutinin content, even though great care has been taken 
in obtaining the secretions from the various organs in as pure a form 
as possible. On the other hand it must not be neglected that the reason 
may he the presence of small pathological processes due to brucellar 
infection which have not been detectable macroscopically and have 
not been encountered with in the histological sections made. 

In two bulls (Nos. 109 and 122), in spite of typical pathological 
changes, no agglutinins were found, or the agglutinin content was 
very low. In bull No. 122 the infection had lasted for about 3 years, 
and in this animal it had been possible to ascertain a continous fall 
in the agglutinin content of the seminal plasma as well as of the 
blood serum, so that in this case the age of the pathological processes 
may explain the lack of agglutinins. Bull No. 109, on the other han , 
sliowed entirely deviating features with regard to the agglu 
contents of the blood and seminal plasma as well as to their loca 
occurrence. In contrast hereto, the histological picture of the organ 
attacked was typical; and, furthermore. Brucella bacteria were isolatea 
from these organs. So, on the basis of the hitherto aval a e 
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perknces, it will nol be po»iblc lo otter any aele<,uale explanation 

nhoiit 1 more or less pronounced enlargcnicnl of Uic oi^an ano me 
UmieVinnscularis becomes greyish-^vlule in colour because of the con- 

TTOftivG tissue inf iltrnlion. ^ ♦ i*i* 

Brucellar inflammation of llic glantlula vcsiculans - vesiculitis — 

is also associated with a considerable enlargement and 
the organ, with effaceinent of the normal lobulation. Further, he 
capsula is thickened with connective tissue infiltration, and often this 
new-formation of connective tissue involves also the plica uropnitalis. 
On section, the cut-surface indicates that in principle the iiathologica 
changes here observed may have developed in two ways. In the gland 
as a whole we meet with an extensive and marked increase in con- 
nective tissue as well as cellular infiltration of the capsule and inter- 
lobular strands of connective tissue. But, in addition, several .speci- 
mens show relatively large and irregular areas of necrosis in the 
central parts of the gland. At the lime of the examination the 
sequestrum has become detached and the scquostral cavity, containing 
yellowish lumpy pus, has been coinnninicaling with the excretory 
system of the gland. The membrane of the abscess has consisted in a 
thin layer of preserved glandular ti.ssuc that has been the site of the 
above-mentioned indurative changes. 

The 3 cases of orchitis here examined have been typical examples 
of diffuse gangrenous orchitis, in which the testis as a whole has under- 
gone necrosis with demarkation, so that the more or less dissolved 
sequestrum has been embedded in a serous exudate with lumps of pus 
or in a more homogeneous purulent exudate. The scquostral cavity 
has been surrounded by a layer of fibrous granulation tissue, meas- 
uring a centimeter or more in thickness and comprising also the 
thickened tunicac, which have been malted together. On the side 
involved the tunica dartos has been considerably hypcrirophic in 
comparison to the normal structure. 

The bislological pichire of these brucellar inflammatorv processes 
— all of which, as mentioned, have been of a more or less pronounced 
~ Variations according to the organs involved. 
Zlr consistently characterized by new-formation of con- 

"icS tcTh<.°,?r “'J '"'''"'•'"i'’"’ <»eoll,er conl,il,„lc 

^leatlj to the affacement of the normal histological features 

in 11,0 - 11 , capsule is noticed as well as an inrre'n:n 

musculature masked the smooth 

.. 2: zs, 
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Bull 118. Glantlula vcsicularis. Border of a glandular alveolus with contents 
rich in cells and proliferation of the glandular epithelium, which, besides, is 
forced out into the lumen by the underlying cell infiltration, 
van Gieson-Hansen stain. Magnif. X 200. 2 : 3. 
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Bull 118. Glandula vcsicularis. Interalveolar connective tissue septum witn 
tjTical plasma cells. To the left, well preserved glandular epithelium with 

wandei’ing cells. 

van Gieson-Hansen stain. Magnif. X 900. 2 : 3. 
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Fig. 3. 

Bull 57. Glandula Tesicularis. Border of sequestral cavity in necrotizing 
vesiculitis. Note the strongly proliferating glandular epithelium that delimits 
the sequestral cavity above; beneath this, pronounced cell infiltration, 
van Gieson-Hansen stain. Magnif. X 125. 2 : 3. 



Bull 57. Glandula vesicularis. The same specimen as Fig 3 at hiuhev -e- 
cation. To the IpU in,. i- . ^ugher magnifi- 

left, the proliferating epithelium; beneath 

tins, typical plasma cells 
van Gieson-Hansen stain. Magnif. X 900. 2 : 3. 
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fcalurc however, II, al ,„osl of II, esc Infiltralions are fouad i„ 
connection w Ih tiio ^ close 


connection ^vith the glandular alveoli, appearing as thick luT 
lorders just beneath the glandular epithelium, which in many cases 

(Fig if ^ obliteration of the latter 

2 he cell infiltrations are made up chiefly of plasma cells at various 
stages of development characterized by a cytoplasm, which is stained 
red by pyronine, and as to the fully developed plasmacells, by excentric 
situation of the nucleus and a more or less distinct marginal position 
of the chromatin substance — cart-wheel nucleus — , besides juxta- 
nuclear vacuole (Fig. 2). In addition, we meet with lymphocytes, 
histiocytic cells and varying amounts of granulocytes, heterophil as 
well as acidophil. 

The epithelium of the glandular alveoli may consist in one layer 
of cells as normally, hut in many cases it has undergone considerable 
proliferation, being then made up of several layers of polygonal cells. 
Through the epithelium there is a very marked migration of cells with 
a round dark nucleus. In a few cases even typical plasma cells are 
seen hchvecn the epithelial cells or in the glandular lumen. 

Often the glandular alveoli arc considerably distended by an ex- 
udate very rich in cells. But in some cases the lumen of the alveoli 
appears very small or, occasionally, quite obliterated — owing to 
proliferation of the glandular epithelium and to the fact that the 
epithelial cells arc forced into the lumen by the cell infiltration. 

In those cases where the glandula vesicularis has undergone central 
necrosis we meet with the characteristic feature that the glandular 
epithelium of the preserved alveoli grows very vigorous^', protruding 
and bordering the sequestral cavity as a thick cellular membrane 
consisting of several layers of polygonal cells. Beneath this epithelium 
there is a very pronounced cell infiltration, made up chiefly of plasma 
cells at different stages of development, lying as a pavement, with fine 
collagenic fibrils between the individual cells. Here, too, there is a 
pronounced emigration of cells through the epithelium (Figs. 3 and 4). 

In the ampulla ductus deferentis the imthological changes may be 
seen partly in the mucous membrane of the ductus deferens itself, 
partlj' in the glands in the wall of the duct. A typical instance of 
isolated brucellar ampullitis has been described previously by Ben- 
dixen. The changes observed in the glands correspond fairly well to 
the changes described in the cases of diffuse xmsiculitis, although t ere 
appears here to be a greater tendency to the occurrence of granulo- 
cytes. Besides, at the same time there is a considerable new-formation 
of connective tissue and cell infiltration in the stratum proprium cor 
responding to the mucosa of the ductus deferentis. In some cases 
mucosa may protrude polypously into the lumen of the duct, 
this loses completely its typical stellate form. In the center o 
mucosal protrusions there is a pronounced cell infiltration, consi 
chiefly of plasma cells with some admixture of granulocjdes. 
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,n scveril cases Ihe last-mentioned chanses i" mo mucosa ductus 

veTular nudei. Beneath this membrane, cell infiltrations are seen 
that correspond fairly closely to those described m cases of litis 

and which consist chiefly in plasma cells. Besides, in this zone, 11 er 
are also remnants of a few seminiferous tubules with completely 
deteriorated, partly calcified, contents with some foreign-body giant 
cells. The external part of the seqiiestral membrane is made up ot 
fibrous connective tissue, in which small scattered cell infiltrations 


are seen. 

The observations here presented will further corroborate the as- 
sumption that in these forms of brucellar infection the agglutinin 
formation takes place localhj in the organs involved. The most 
characteristic feature common to the pathological changes here 
observed is the conspicuous occurrence of plasma cells and a close 
connection between these cells and the glandular epithelium and 
demarcation membranes — a fact which highly lends support to the 
hypothesis that these cells play an important role in the antibody 
formation, perhaps indeed are the real antibody producers. 


Siimmarij. 

A brief preliminary report is given of the findings obtained in 16 
bulls with brucellar infection of the genitals. 

Agglutination tests for Brucella abortus arc made on secretions or 
exudates pressed from the ampullae ductus deferentis and the 
glandulae vesiculares and, in some cases, taken from the sequcstral 
cavity in gangrenous orchitis. 


The results thus obtained arc compared partly with the cor- 
responding agglutinin titers of the blood and seminal plasma, and 
partly with the pathologic-anatomical findings in the organs mention- 
ed. With a few exceptions, described in detail, these comparisons have 
shown a quite convincing relation between the occurrence of ag- 
glutiiuns and the finding of pathologic-anatomical changes in the cor- 
responding organs, the most characteristic common feature of which 
consists m pronounced cell infiltrations made up chiefly of plasma cells 

demarLtion 
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PnOFESSOJi A. F. F0LGER) (CHIEF: 


TOXOPLASMOSIS GANIS*) 

By I. P. Sjolte. 

A parasite, the life cycle of which is still unknown, is the parasite 
first tlcscrihed in 1908 hy Nicolle and Manceaiix in a north African 
rodent — Ctcnodactylus gondii — which they found had a lengthy 
crescentic body, one end of which was much more pointed than the 
other, and the length of which was given as 5 — 7 g and the width 
as 3 — 5 p. They found the nucleus to he round or oval and located 
centrally in the parasite. 

In Brazil, Splciidorc, at the same time, found quite similar parasites in 
rabbits. His indication of the size is slightly different, but still, in all es- 
sentials it is the same; in addition, however. Splendor e found the parasites 
to be gi’oupcd in cyst-like formations which later on came to be known in 
the literature as Psciidocysts, 

Morphologicalh", similar parasites have been found by other observers in 
a number of different animals — both rodents, beasts of prej', ruminants 
and monkeys — thus, in the literature there are instances on record of its 
presence in guinea-pigs and mice, furtlier, in a cat and in number of cases 
in dogs; further, one case in a sheep and one in a chimpanzee. According 
to the reports in the literature it would seem that the incidence of Toxo- 
plasmosis is greater in birds, in which the first case was found in sparroxys 
in 1900 (described by Leveran). Later Toxoplasmosis has been observed in 
birds of different kinds (pigeons, chicks, canaries, siskins, and many other 
varieties of birds). 

Also in man a number of cases of Toxoplasmosis has been reported. The 
first case observed dates back to 1913 and xvas found by Castcllani in a 14 
years/old Singhalese. 10 years later a case occuri’ed in an 11 month old boy 
in Prague, later, in 1927, a case xvas observed in Rio de Janeiro, and in the 
end of 1930 several cases xvere demonstrated in adults as well as in children 
in North Amei’ica and South America. 

A great number of the cases in man have simulated meningo 
encephalites, but besides, inflammatory changes have been found in 
other tissues, such as" the myocardium and the skeletal muscles, an 
also in interstitial and fibrino-purulent pneumonias. In liver and sp een 


*) Published in extenso in Skandinavisk Veterinser Tidsskrift. 
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j in various locations in the 
small necroses have f^^’';t,ptsmas has been demonstrated, 

altered tissues the presen ^^^ro-intestinal canal seemingly have, 

More significant changes m cases have been re- 

not been observed in those hum b f Weinmann from 

ported, only in one case pubhshed^b^^^^^^^ 

Lima, Pff inal lymph nodes were enlarged to 2 or 3 

«rs'’"matize%na Ihe site o, haemorrhages and necroses. 



Stomach cut open, showing the well developed folds of the mucous coat and 
numerous small ulcerations, partly between the folds of the mucosa, partly 
on the ridge of them, the ulcerations being most numerous in the centre. 


In the cases in animals reported in the literature the conditions 
has, from a pathological-anatomical point of view manifested itself 
— briefly outlined — as a non-suppurative encephalomyelitis with 
toxoplasmas in the inflamed areas of the brain, as it has been observed 
in a sheep, or as a necrotizing and ulcerous enteritis and necrotizing 
lymphadenitis, splenitis and hepatitis, as it has been observed in dogs 
and, in one case, in a cat. Further, in this cat, multiple pneumonic 
foci were found to be present with considerable growth of the alveolar 
epithelium with adenomatous neoplasm-like formations, with de- 
monstrable toxoplasmas in epithelial cells arid monocytes. 

Geographically, it was originally in the warmer climates that this 
condition w-as encountered, but more recent reports about the condi- 
tion have, however, shown that the condition may also occur in the 


14 » 
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Aggregation 



of toxoplasmas in 
upwards to 


Fig. 2 . 

endothelial cells (opposite arrow) 
the right in the picture. 


extending 



-'n toopj.™ 


,r'epilheli.l cell of a stomod. glani S»">' 

a similar aggregation. 
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temperate dimates. This j seen 

SretlC tr^r ' as -moUS; ^ee's^Slcan.inada no 

verified cases have to my knowledge occurred “"j "'*' 33^8 

birds, nor in mammals. In the literature, at any rate, no such 

“■'“ThcTsf case ot verified toxoplasmosis here m Denmark was 
observed in a dog suffering from its illness in the middle of a lengthy 
and uncommonly severe period of frost. The illness had on y 
for 8 days and resembled to a no slight degree canine distemper with 
pneumonia, hut was without nervous symptoms. 

The autopsy examination showed a great number of ulcerations 
in the stomach and small intestine, with numerous toxoplasmas in 
the tissue of the structures immediately surrounding the ulcerations. 
In the lungs numerous miliary to supermiliary nodes, evenly distribu- 
ted, were seen, which were found to be a miliary croupous pneumonia 
with a small number of toxoplasmas in the macrophages in the alveoli. 

The lymph nodes of the affected organs were very considerably 
enlarged and on the cut surface rather presented the appearance of 
lymph nodes with intensive tuberculous caseation. In the fibrinous 
infiltration and markedly necrotic areas of the tissue there were more- 
over a few living cells with a great number of toxoplasmas. 

No inoculation and examinations were made of the virulence of 
the parasites, as the case — so to speak — rather took one by surprise, 
and fresh material therefore ivas not reserved for this purpose, but 
the intensive inflammatory reaction around the toxoplasmas and the 
characteristic appearance of these, which is best seen by staining with 
Harris ha3matox5'lin, and otherwise the absence of other micro- 
organisms and also eosinophilia of the tissue, show that the lesion 
must be a Toxoplasma. 

To judge from this case and also from the cases reported in the 
literature the infection must be taken, in any case as far as the animals 
of prey are concerned — to have occurred via the gastrointestinal 
cana . \Miether there are non-generalized cases of toxoplasmas, is 

Inv f . question. It has not been possible to obtain 

anj mformation as to from where the animal here dealt with received 
infection but the case shows that the infection is there, and that 
e must reckon with its presence in Scandinavia. 

hniii infection and biological researches on toxoplasmas 

from animals and bhdTan^r uT ^ toxoplasmas 

1 therefore consider that’thr^ ^ ^‘^^"tical. 

comparative pathology. ^ ^ considerable interest to 
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human toxoplasmosis 

AN ACCOUNT OF TWELVE CASES IN SWEDEN 


By J. Henning Magmisson nncl F. Wahlgrcn. 


It has long been known that Toxoplasma, a genus of protozoa js 
pathogenic for certain lower animals (Si)lcndorc, Nicollc and Man- 
ceaux, LevadiU and co-workers, Mooscr). During recent years Sabin 
and Olitsky in particular have considerably increased our knowledge 
concerning this micro-organism. They succeeded in isolating a strong 
pathogenic strain of Toxoplasma from a guinea-pig. This strain proved 
to be pathogenic for mice, rabbits, guinea-pigs, rhesus monkeys, hens 
and chickens. The infection could be Iransmillcd by oral, inlranasal, 
intracutaneous, subcutaneous, intracerebral and inlravenous routes. 
Contact infection was studied in mice. It occurred only when starved 
animals w'ere allowed to feed on others that had recently died of the 
experimental disease. Toxoplasma was shown to be an obligate intra- 
cellular parasite, only multiplying in living cells. Facts hitherto ascer- 
tained appear to indicate that it divides by binary fission and that 
multiplication can occur not only in monocytes and endothelial cells, 
but also in practically all kinds of tissue cells. Sabin and Olitsky also 
found that toxoplasmic infection in rhesus monkeys gave rise to 
neutralizing antibodies, whereas rabbits as a rule became immune 
without the appearance of such specific antibodies. Olafson and Mon- 


lux have recently implicated Toxoplasma as the cause of a fatal disease 
in dogs, and have described cases in cals and sheep, thus implying a 
possible origin of infection in man. Perrin, Brigham and Piclcens have 
demonstrated toxoplasmic infestation in 8.7% of a group of wild rats, 
studied in the south-eastern slates of the U. S. A. 

The morphology of the Toxoplasma parasite is well elucidated. In 
the fresh slate and in air-dried films, the length is up to 4—7 u the 
breadth up to 2-4 g. In slides from fixed tissue it can be ’con- 
siderably smaller. Immediately after division, the form is crescentic 

sites are highly-orgamzed, with distinct cytoplasm and nuclear 
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cllromalm without a nuclear memlirane. The nuclear elirem i- 
const, lules approximately one-third ot the parasite and Lfa u 
positive (Sabin). Toxoplasma.is, like ofher protla 

b fpirliegalii-c. In the tissue it can be found singly, in 

cells, and as so-called cysts or pseudo-cysts, which represent host cells 
entirely filled by micro-organisms. 

In 1939 it was finally proved that this parasite can also cause 
human infection and give rise to the disease called toxoplasmosis. In 
that year Wolf, Cowen and Paige succeeded in isolating from a child 
a strain of Toxoplasma which was highly virulent to the ordinary 
laboratory animals. The patient died at the age of 31 days from 
»congcnital<!; enceplialo-inyclitis. Comparative experiments made by 
these authors and by Sabin showed that this human strain of Toxo- 
plasma differed neither biologically nor immunologically from the 
strain isolated earlier by Sabin from a guinea-pig. 


Human toxoplasmosis can be either congenital or acquired. The 
age factor appears to influence the clinical picture considerably, and 
very varying clinical types have been described. 

The most prominent characteristic in the congenital form of the 
disease is the simultaneous appearance of symptoms from the eyes 
and the nervous sy'stem at or shortly after birth. The ocular lesions 
are bilateral and consist of multiple foci of chorioretinitis, which ap- 
pear consistently to lie localized to the macula region. Less regularly 
occurring symptoms are microphthalmus, nystagmus and ocular 
paresis. In the nervous system we find hydrocephalus, or microcepha- 
lus, convulsions or other psycbo-inotom disturbances. Finally', there is 
a characteristic change, demonstrable roentgenologically, namely mul- 
tiple intracerebral calcified foci. Occasionally, prolonged icterus has 
been observed, as well as enlargement of the liver and spleen. The 
cerebrospinal fluid shows xanthochromia, with an increased number 
of cells and a raised protein content. 

Foetal hydrocephalus has been demonstrated as the result of a 
toxoplasmic encephalo-myelitis in a stillborn foetus. 

Congenital or neonatal toxoplasmic encephalo-myelitis often has 
a fatal outcome during the first few weeks or days of life. The lesions 
found in the central nervous system in such cases consist principa 3 
of localized destruction of the cerebral tissue, most commonly in e 
vicinity of the ventricle system, accompanied by considerable accu 
mulation of inflammatory cells and calcium, leading to hydrocep a us. 
In addition, a focal chorioretinitis is regularly found. At hmes lesions 
are also found in other organs, such as the myocardium, liver, e c. 

Sometimes, however, the disease can progress without any defini e 
symptoms to the end of infancy or even up to the 
childhood, when symptoms of residual damage appear, n 
patients ivho survive the earlier stages, hydrocephalus remains ° 
creases. The . chorioretinitis regresses, but causes permanen im 
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ment of vision and often searching nystagmus. IMental development 
shows a tendency to retardation. Din-ing recent years, a number of 
cases have been traced with residual symptoms of such a type that 
there has probably been an earlier toxoplasmic infection. In a great 
number of these cases it was possible to verify the diagnosis on further 
investigation (Vail, Strong and Stephenson, Heidelman, Johnson, etc.). 

The excellent contributions made by Wolf and his co-workers in a 
series of publications form the basis of the major part of our present 
knowledge of the congenital form of toxoplasmosis. Studies on such 
cases have also been published b 3 ’’ a number of other w’riters (Sabin, 
Levin and Moore, Steiner and Kaump, Zuelzer, Sailer, Pratt-Thomas 
and Cannon, Bamatter). With our present knowledge as a background, 
it has been possible moreover to prove that a number of cases published 
earlier have, in all probabilil 3 % been cases of congenital toxoplasmosis. 


•laiiki'i in Czechoslovakia, thus described in 1931 parasites in the retina 
of a child who had suffered from hydrocephalus and ocular lesions since 
birth. Levaditi (1928) was of the opinion that the parasites were Toxoplasma. 
Torres in Brazil dejnon.st rated in 1927 intracellular parasites in the central 
nervou.$ .sy.stem, myocardium, skeletal muscles and subcutis of a cliild who 
had died on the second day of life and had exhibited general convulsions. 
In 1938, Wolf and Cowcti identified the case us toxoplasmosis. Cornelia de 
Lange in Holland described in 1929 the case of a child with hydrocephalus 
and encephalo-inyolitis, with a fatal outcome at the age of i months. Wolf 
and Cowen in 1910 undertook a restudy of the sections from this case and 
then found To.xoplasma-like parasites. Hiirtig in Boston described in 1934 a 
premature infatit in which a bacterial infection had caused death at the age 
of 25 days. The central nervous system, lungs, myocardium and adrenals 
from this case contained parasites which the author classified as Sarcocystis. 
Pinkerton and Weinman wore, however, able at an examination in 1940 to 
identify them us Toxoplasma. Richter in Chicago published in 1936 the report 
of a case which had shown fever, convulsions and opisthotonos with a fatal 
outcome at the age of 7 weeks. The fact that tiio lesions in the central 
nervous system were chronic and calcified showed that the changes were of 
long duration. On after-examination of thi.s case in 1938, Wolf and Cowen 
found To.xoplasma-like parasites. 

Two further cases of earlier date can he mentioned here. One was published 
by Wohlwill in 1921 and the other by Fi.schl as early as 1897. It is true 
that neither of these cases can with certainty be identified as toxoplasmosis, 
but the clinical picture shows a striking similarity to that found in this 
disease. 


The aepuired form of human toxoplasmosis appears, judging by 
the small number of cases published hitherto, to show very varying 
clinical pictures. In 1941 Sabin, who has made great contributions to 
the knowledge of this disease, published the report of two such cases 
from Cincinnati. Both were boys aged 6 and 8 years respectively, 
who developed atypical encephalitis. The clinical picture was char- 
acterized by fever, generalized convulsions, asthenia of the extremities, 
disorientation, pleocytosis — although such signs of meningeal irrita- 
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lion as rigidity of the neck and Kernig’s sign were lacking __ o a , . 
of symptoms of injuries to the cranial nerves. One cliild^died 
a ter the onset ot the discesc. Tl.e other rceevtd r«iS 

c mical symptoms. In 1347 Robinson deseribed the case ol a 9-jear 
Old I ahan girl, who became ill with liyperpyrexia, strabismus' 
and chorioretinitis. The abdominal, knee and Achilles reflexes were 
lacking. Kernig’s and Babinski’s signs w'ere positive. Both free and 
encysted parasites, which the author classified as Toxoplasma were 
foiind m the cerebrospinal fluid. Neither inoculations on laboratory 
animals nor serological examinations appear to have been made The 
patient was treated with sulphathiazole and emetine and recovered. 
In 1943, Guimaraes described a case from Brazil. This was an 18-year- 
old negro who became ill with fever, rigidity of the neck, dysphasia 
and paral 5 'sis of the low'cr extremities. He died 37 days later, and 
cliangcs typical of toxoplasmosis were found in the cerebrum, the 
spinal chord, the pericardium and the kidneys. We can also, perhaps, 
include a case from earlier literature. In 1929, Coulon described para- 
site-like formations which — on account of their size — he called 
Enzephalitozoon hrumpti, in the cerebrospinal fluid of a 17-year-old 
Corsican, who died of meningitis after 3 days. 

In 1940, Pinkerton and Weinman reported a case of toxoplasmosis 
in a 22-ycar-oId Peruvian. In this case, which had a fatal issue, the 
clinical signs were obscured by a simultaneous infection with Bar- 
tonella hacilliformis. In the following year, Pinkerton and Henderson 
published an account of two fatal cases aged 43 and 50 years. By 
means of this work it was clearly established that toxoplasmic infec- 
tion in adults can he manifested in a syndrome simulating the typhus- 
spotted fever group, and is characterized by fever, cutaneous ex- 
anthema and atypical pulmonary involvement. Syverton and Slavin 
demonstrated Toxoplasma in the muscle tissue in a biopsy from a 
65-year-oId patient during his convalescence from an acute febrile 
illness with diarrhoea and tenesmus, as w'ell as dull pains in one elbow. 
This patient recovered without demonstrable residua. The question 
whether Toxoplasma caused the actual clinical manifestations in this 

case must he left open. . , 

Finally, a Toxoplasma infection in man can also have a subclmica 
course' xvithout giving any demonstrable objective symptoms. 
tion can then only he proved by the presence of antibodies agams 
Toxoplasma in the blood serum. This form of the disease has been 
demonstrated relatively often in adults as, for example, in t ^ 
of mothers of children suffering from congenital infection. It also - 
curs, however, in children. Adams, Horns and Eklund thus ’ 
the examination of a family in connexion with a typical case ® ‘ 

plasmosis, positive neutralization tests, not only in the mo . . 

all of the nine siblings of the patient. None of them showed 
or roentgenological signs or symptoms of toxoplasmosis, o 
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found toxoplasmic pseudocysts in the cerebrum and heart of a IOY2- 
year-old ncgrcss, wlio had died from a sickle cell anaemia, and who 
had had no clinical symptoms whicli could be altribulcd to a Toxo- 
plasma infection. 


Malcrial. 

Caxcs I aiul 2. 

T. L., a lK)y. h. 2.‘1. J). lOtn. The father was 28, the mother 20 years of age. 
noth parents and the paticnt’.s sister (h. lOSi) had always hecn healthy. The 
progtiancy had heen normal, and delivery was normal and at term. Weight 
at hirtii 2G20 g,. length iO cm. 2mg. vifantin 1C were given orally at birth. 

On the .sixth day of life (he infant had a liaernatomcsis and was therefore 
admit(e<l to the Sachs Hospital for Ciiiidrcn. An examination made on 
September 2S(h showed that (he patient was afebrile and the general con- 
dition good. With tlie exception of slight microphthalmia, ho was well-formed, 
normally well-nmirished and had a good colour. The tonus and turgor showed 
no ahnormalities. but his cry was somewhat weak. The anterior fontanelle 
wa.s of normal width, neither tense nor bulging. The greatest circumference 
of the head was cm., and (here was no separation of the sutures. No 
Itathological chang<'.s were found on neurological examination. Heart and 
lungs .showed no ahnorinalitics. The liver ntid spleen were palpable. The 
spleen reached to jtisl l)elow the level of the umhilicus and the liver two 
fingerbreadth.s below the arcus in the mamillary lino. Roentgenological 
control .showed, however, no demonstrable enlargement of cither organ. On 
the anteritu’ aspect of the trunk !tml the medial sides of the tliighs was a 
small dotted haemorrhagic exiUithema, which faded after a few days. 
Thrombocyte counts made for tins rc.nson showed low v.-iluos on a few oc- 
casions. Til!* haernatcme.-^i.s was shown to he due to excessive liypoprothromln- 
naemia. Tins ecji.sod immediately after parenteral administration of vitamin 
K, and the prothromhin inde.x .sub.-equently jemained within the normal 
limits, lilood-coujils made on Ihe Gth and 12tli day of life .showed a relatively 
large mimber of eosinophil gramilocyle.s. Juit otlierwise nolliing abnormal. 

The patient has .since heen kept under regular conlrol ami tiow shows the 
following .syndrome: porencephalia anrl internal liydrocephalus; xantho- 
chromia, with .slight incre.asc of cell.s and Iiigh protein concentration and 
intraventricular calcifications corre.spomling' to the cour.so of the choroid 
plexus. .-Xttacks of general convidsioms have occurred during the last two 
rnonth.s. Rii.'iteral microphthalmia an<l secondary cataract, ^rental deficiency. 

During' the time of ohservation up to now, phy.sical development has been 
normal. At (he age of H/i yeans his weight was I 2 V 2 kg. and length 77 cm. 
Before he wa.s tiiree months old it was apparent (hat mental development was 
considerably retarded, Tdiis lias been increasingly evident and at times the 
child has heen extremely lethargic. Except during transient minor infections, 
he has been afchrilo. With the exception of (he ahovc-rnentioned haemorrhagic 
exantlierna, he has shown no cutaneous symptoms and there has been no 
pathological enlargement of the lymphatic glands. During the first six months 
of life, jjolh (ho liver and the spleen were palpable, as a rule 2—3 finger- 
breadths below the arcus. Neurological examinations gave only negative re- 
sults. It i.s, however, true that at the age of 4 — 5 months, the patient some- 
time.s lay with his head hyper-extended. There was, however, no neck rigidity 
and both the Ivernig and Brud/.in.ski signs were negative. On one or two oc- 
casions the patellar and Achilles reflexes were brisk, but nevertheless not 
definitely pathological. Once or twice at the age of about IV 2 yoai’s ho had 
short attacks of general convulsions. The E. S. R. has varied between 6 and 
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10 mm/lir. A )3lood Wasscrman?i reaction at four months wao c 
tl.e same time sternal, liver and spleen punctures were mill ami rt v* 
puncture \yas taken at one year, but no pathological changes could be 
with certainty. Tuberculin tests were made regularly aXave 
suits, as did analyses of the urine and faeces. ^ ® 


Toxoplasmosis was diagnosed clinically in January 1946, when the 
patient was 31/2 months old. It is. probable that the diagnosis could 
have been made considerably earlier if roentgenological examination 
of the skull had been made. In order to confirm the diagnosis, further 
examinations arc, however, necessary. It can be made probable by 
demonstration of the presence of organisms with the morphology of 
Toxoplasma in material from the body fluids and tissues obtained at 
biopsy or section. Specific diagnosis can be made by isolation of Toxo- 
plasma in suitably selected laboratory animals and by the demonstra- 
tion of specific antibodies in the scrum of the patient. 

Co-operating with Dr. Card, during the first half of 1946 repeated 
inoculations on experimental animals were made with various 
puncture biopsies from this patient. The results were all negative 
which could, to a certain extent, be expected since Toxoplasma is an 
intracellular parasite. 

The possibility which remained, in order to confirm the clinical 
diagnosis, was the serological demonstration of specific antibodies in 
the blood scrum of the child, since serum from human beings who 
have contracted the disease contains specific antibodies. Tliese have, 
in a large number of cases, been shown to remain for many years. On 
the basis of this fact, Sabin and co-workers have worked out a dia- 
gnostically important method. It is necessary, in order to perform this 
test, to possess Toxoplasma. The L. M. strain of Toxoplasma described 
by Paige, Cowen and Wolf was used by us for the serological tests, 
which were all carried out by Dr. Card. 

A serological test was made for the first time on 19. 2. 47. and gave 
positive results both for the patient and his mother. On 10. 3. 47. both 
were tested again and specific antibodies could still be demonstrated. 
At the same time the father and the 3-year-old sister of the patient 
were tested. The results ^vere negative in both cases. The number 0 
reactive infection doses which were neutralized by the various sera can 
be seen in the following table: 



Date 

Neutralized 
reactive doses 

Patient 

19. 2. 1947 

125 

Mother 

19.2.1947 

25 

Patient 

10.3.1947 

125 

Mother 

10. 3. 1947 

125 

Father 

10. 3. 1947 

0—1 

Sister 

10.3.1947 

1—5 
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The clinical diagnosis of toxoplasmosis in our patient 

vermed ,,,,1 

that she had suffe;ed f-m mlense Migue during 

"cirof\h illif of h. child, 

underNvent a thorough examination '7 

nevertheless, a carrier of the infection and infected hci child in utcro. 

Despite careful investigation, it has not been possible to demonstrate 

the source of the mother’s infection. , , -i^a 

On the basis of this first case of the disease, of which a detailed 
report was published earlier (Magnusson. 1947) we have, during recent 
months, traced and investigated further cases, in which toxoplasmosis 
could be suspected on various grounds. An account is given below of 
those cases in which the serological examinations .showed positive 
results. 


Case . 3 . 

P.B., ahoy, b. 1933, adinillod to Tointcboda Institute for the IMind. Develop- 
ment during the first years of cliildliood appears to have liccn nornia) and 
no symptoms of disease were observed. Rye disease was first ol)servcd in 
the second year of life; since then there has been increasing deterioration 
of sight. He attended an ordinary scliool for V /2 years and was adinittod to 
a school for the lilind at the age of 9. .•\queous flare, jiostcrior synechiae 
and vitrous opacities were then observed; in the left eye choroidal foci were 
seen. General examination revealed nothing of significance. Maiitonx 1 ing. 
and W.R. were negative. Later, retinitis prolifcrans and increasing cataract 
appeared. 

In March 19t7 the patient was o.vaniincd with a view to a toxoplasmic 
infection as a possible cause of In's di.sease. His general condition was 
good. Physical development was normal, but there was some retarded mental 
development, probably owing to blindness. Internal organs; K..-\. D.’) No 
cerebral symptoms could be demonstrated (encephalography was not ]icr- 
formed). Roentgenological examination of the skull .showed a streaky forma- 
tion of almost chalk-like density corresponding to the left trigone. Opiithalmo- 
logically there was bilateral amaurosis with total cataract, posterior syne- 
chia, etc. thus the picture of a p;ist, severe chronic uveitis. Serological te.sting 
was made on 21.3.47. and gave a positive result (2.o neutr, reactive doses). 

The case thus shows severe ocular symploms, inlracranial calcifica- 
tion and a positive serological reaclion for Toxoplasma. 


W.L., a boy, b. 1937. Admitted to Tointcboda Institute fm. (i.„ m- 1 

2 ■'‘IWiable disca.se. 

operation of d 7 0° olslV°onhl*l'7l"^ ^ thanks to the kind co- 

Bhnd. • ohl‘<balmolog,st. at Tomteboda Instifuto for Urn 
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Menially he was, however, somewhat retarded hnt nnt tv, « 
2 -easonahly he attributed to blindness. Internal Igans N A D 
examination gave negative results (encephalogranhv 
noentgenological examination of the skull was neJativrPhdL^hl™''^!,- 
amaurosis were found in the right eye. There was some Sr ept oj n" h 

m the left eye, some aqueous flare, a number of synechiae and Total 
Serological testing on 21.3.47. gave positive results (5-25 neut reac “ 


Tills case thus shows severe ocular symptoms in the form of 
chronic uveitis and cataract, as well as a positive serological reaction 
for Toxoplasma. 


Cases 5 and 6. 

I., a girl, (Case 5) h. 8. 2. 47. two weeks before term. The father was 26 and 
the mother 24 years of ago. Both wore previously healthy. 

The mother (Case G) was a primipara and had been under regular control 
during pregnancy at a maternity centre, when no pathological symptoms 
were observed. She was admitted to the Maternity Department on 8.2.47. and 
instrumental delivery was performed on the indication of threatened foetal 
asphyxia. At first, the pulsations in the umbilical cord were good. The infant 
opened its eyes once, but did not cry, and the cord was therefore severed at 
once. Attempts at resuscitation (warm baths, artificial respiration, neu- 
fodrinal«, lobelinc and oxygen) were made, and quantities of mucus were 
aspirated from the respiratory tract. The infant drew a few breaths, but 
died a short time after birth. 

The placenta and membranes were expelled without difficulty. The 
placenta sliowcd a few small infarctions but otherwise nothing abnormal. 
The mother was relatively well after partui-ition. She had secondary anaemia 
with 53 % Hb., but otherwise showed no symptoms. Later, intensive mental 
fatigue occurred, which led to lack of ability to work for five months after 
parturition. 


Autopsy (F. Wahlgren). 

Nearly full-term child. Weight: 2850 g., length: 48 cm. Head very defornaed 
with a large swelling to the left ov'er the brow. Antei’ior and posterior 
fontanellcs considerably larger than normal and all sutures in the skull se- 
parated to Just over 1 cm. in breadth. Anterior fontanelle open anterioily 
over the temples. Forceps marks over the nose and upper lip. 

No haemorrhage between the dura and the cerebrum. Tentorium cerebe i 
uninjured. Practically all the cerebrum reduced to a thin flabby shell, sur 
rounding the considei’ably dilated lateral ventricles. Numerous yellowish-grej 
opaque foci, up to the size of a pea in the cerebral parenchyma. Gieyisi 
white, slightly cloudy fluid present in the ventricles. No visible chanps in 
the cerebellum, pons varoli or medulla oblongata. No visible changes in 
heart or the great vessels. Lungs completely atelectatic with tough eng g 
parenchyma. No abnormal content in the trachea or bronchi. S J , 
intestines: N. A. D. Liver enlarged and firm with dark-brown ™t-sui - 
showing no pattern. Bile ducts and pancreas: N. A. D. Spleen . , ^gig 
enlarged and of firm consistency, cut-surface dark-red and even, 
and kidneys of normal size and without changes. 

Microscopical examination: 

Cerebrum: Within large areas of the hemispheres of 
tissue is reduced to a layer scarcely more than one mm. i 
is in great extension necrotic and the necrotic areas ar 
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extensively permeated grained^ 

rolls and inflammatory cells, clucflj . extremely dilated and engorged. 

“IS .”r"o 1 . 0 »ev»,> P"Ser.l,T;a 










A 





Fig. I. 

Case 5. Intracellularly situated Toxoplasma (pseudocyst) from cerebrum, 
magnification ca. 1000 X. 


In sections from the central ganglia as well, granulation tissue is found, 
particularly towards the lateral ventricles. This is largely necrotic and more 
or less abundantly permeated with calcium deposits. In the other areas the 
cerebral tissues show considerable inflammatory changes, are soft and full 
of fat-containing phagocytes and inflammatory cells, chiefly leucocytes. The 
vessels are very engorged and in several places there arc fresh haemorrhages. 

Liver: The acinic patterns arc somewhat indistinct. The parenchymal liver 
cells show no remarkable changes. The intra-acinous capillaries are dilated 
and contain a considerable amount of red corpuscles. In parts of them there 
are also agglomerations of nucleus-bearing red corpuscles. The Kupffer cells 
do not appear to be swollen. In the periportal connective tissue, here and 
there small clumps of lym'phocyte-like mononuclear cells. Biliary tract and 
vessels: N. A. D. Toxoplasma was not demonstrated. 


Spleen: The follicles are relatively large and ill-defined. They contain no 
growth centres. The splenic pulp is moderately engorged. No swelling of the 
pulp cells 01 - of the sinus endothelial cells can be demonstrated, nor are 
any pathological cell elements found. Toxoplasma was not demonstrated. 
htdneijs: Show no noticeable changes, 

is mainly normal in appearance. Hyperaemia is 
Observed within the medulla, and in parts small fresh haemorrurg™ NV 
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necroses. Toxoplasma was not dcmonstratari < 

stratcci in slides stained according to Le4diti of thfr “ '''T 

and kidneys. ^ lo.l^e^aaltl of tlie liver, spleen, adrenals 

Pathological diagnosis: Toxoplasmosis + hydrocenhahi<; intpr 
+ hyperplasia Iiepatis el licnis. yarocephalns internus 

Since the child Ihus showed pronounced tissue injuries, typical of 
toxoplasmosis the mother was tested serologically. This test was made 
on 28. 3. 4/. and gave a positive result (125 neutr. reactive doses) The 
diagnosis of toxoplasmosis was thus established in both cases. The 
mother, with her siibclinical infection, had infected her child in utero. 


Cases 7 and 8. 

n., a hoy, (Case 7) h. 28.11.45. two months before term. Weight at birth 
IIGO g. The father was 3G and the mother 37 years of age. Both were healthy 
There were healthy siblings, aged 7 and 4. Nothing of interest in the 
hereditarj’ histor.v. 

The pregnancy had a normal course, with the exception of the last two 
weeks, when uterine haemorrhages occurred. Nothing abnormal occurred in 
connexion with delivery. The child was horn in a cottage hospital in 
the country and was only admitted to a children’s hospital after a few days 
on the grounds of prematurity. He was treated there from 5.12.45. to 
20. 3. 4G, with the diagnosis of debilitas congenita + hypoprothrombinaemia 
+ pemphigus neonatorum. The following extracts from the journal can be 
noted: On admission the temperature ivas only 33.5® C. The patient was, 
however, fairly lively and cried strongly. He was thin and the body covering 
was flaccid. lie weighed 9G0 g. Length 35 cm., circumference of the head 
2G cm. The skin was thin and easily detached and showed considerable 
' lanugo, particular!}^ on the shoulders. The skin was of a normal pink colour. 
On the right cheek, neck and chest, as well as on the medial aspect of the 
left thigh, there were pea-sized pemphigus vesicles, as well as remains of 
others. Umbilicus: N. A. D. No cyanosis or oedema. The skull showed nothing 
abnormal. Throat and oral cavity: N. A. D. Respiration was rather slow, 
pulmonary findings normal. The anterior fontanella was 1X1 cm., neither 
V tense nor bulging. The cardiac sounds were clear and regular with a frequency 
"""of 110/m. The liver and spleen were not palpable. Neurologically, nothing 
pathological. There wore no testicles in the scrotum, the right testicle was 


palpable in the inguinal canal. 

Blood counts taken on admission showed > 140 Hb. The leucocyte coun 
urns 12,100, of which 5,700 were polynuclears. Hb. estimation decreased to a 
minimum value of 70% at six weeks, but subsequently was just over 80 /o- 
The child developed satisfactorily during his stay in hospital. He slmue 
no rise in temperature beyond the usual fluctuations in premature miamfc. 
He received breast milk with Aminosol glucose as supplementary 
ment during the first three months and thereafter citrated milk. H 
given iron, and vitamins A and D prophylactically. On discharge f 
hospital (at a little over the age of 31/2 months) his weight J’’ 

Subsequently, at home, the parents noticed that m comparison wi 
two older children, his development was retarded. He could not focus ' 
according to their statements, »rolIed his eyes here and there an 7 
It urns only at the end of x^Iay 1946 that the eye movements improved ft 
■ what later it was noticed that the pupils were grey, and since he vas 
unable to focus, an ophthalmologist (Dr. Granstrdm) was consulted inJan 
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showed Ihe followihS: In.himy 10 

]«d.d. The righl cornea somowhal »l«™' 3^^ wddcsprcad 

chainhei- almosl deticionl. On ' i, reaction; the lens liillglnB 

normal. A toxoplasmic infection was suspected ns * 

“’'"iS" pallet ».s admitted on 16. h«. to .1.0 Sachs 

He was then just over 16 months of age. He was pale and thin. Both tonus 
and turgor were diminished. Weight: 7600 g., length; 7o cm., and 
of the head 44 cm. Skull firm and normal in appearance; 
was closed. No symptoms of rickets. Temperature 

pathological findings in the internal organs. E.S.B. 12 mm/hr Hh. 80 /o. 
Urine; N. A. D. Roentgenological examination of the skull gave negatiic rcsul 
(encephalography was not performed). Marked mental deficiency. General 
behaviour characterized by uneasiness and crying and he had no conlaci 
with his surroundings. Sat unsteadily and only for a short time. Unable to 
raise himself to a sitting position. Did not stretch after objects, could not 
stand. Eye findings entirely unchanged. Serological tests made on 25. 4. .47. 
gave positive results (25—125 neutr. reactive doses). 


The positive serological reaction for Toxoplasma, togcllicr with the 
ocular symptoms and mental deficiency, confirm Ihc diagnosis of toxo- 
plasmosis in this case. The time for the appearance of the symptoms 
shows that the infection was congenilal. 

The mother (Case 8), who had previously been healthy, and even 
then showed no symptoms of illness, was tested serologically at llic 
same time as the child. The test was also positive (2,5 neutr. react, 
doses). The Toxoplasma infection probably had a suhclinical course 
in her case. During the pregnancy in question, .she was a carrier of 
the ipfection, and infected her foetus. 


Cases V and iO. 

Le., a boy, (Case 9) b. 25. 11. 37. approximately two weeks before term The 
faUier was 32 and the mother 28 years of age. Both, with the exception of 
minor infections, had been healthy. 

m. a primipara and had been under regular control 

months of pregnancy she had been 
terto suffered from slight anaemia. She was admit- 

While'' membranes were expelled normallv. The placenta was 

I^’d^'she rs'”Sne"f - 7 ^" --.-’-t'vely “^0^0 

anaemic and extremely tired This^VIr slightly 

somewhat, made her unfit fol’ am wm w ’ a"’ ' subsequently increased 
The infant's coloJir was TooTl ^-4 months after delivery. 

weakly. After half an houMiircolIui " 

tion very shallow. Despite all r extremely cyanotic and rospira- 

he died afU two ^ condition did not 

™ Of a special 

Acta path. Vol. XXV, 1—2 
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Autopsy (F. Wahlgren). 

Nearly full-term infant. Weight: 2630 g Lengtlr 40 rm i ■ 
small — circumference 29.5 cm — and the^cervic^al retrinn 
undei^developed. Othermse nothing unusual observed on exteinal^eumiri? 
tion. Betxyeen the dura and the cerebrum a clear, brou-n fluid. A d in onT 
of yellowish-brown membrane on the inner aspect of the dura 

Cerebrum collapsed, small and flabby Considerable quantities of yellowish 
brown cloudy f uid contained within the leptomeninges. Cerebral parenchC' 
considerably changed, but could not be examined more closely until th'p 
cerebrum had been fixed. Heart and great vessels; N. A, D. Lungs practicallv 
entirely air-filled with no changes. No free fluid in the abdominal caiW 
Liver somewhat enlarged and firm in consistency. Cut surface yellowish- 
brown, without pattern. Spleen considerably enlarged and firm in consistency. 
Cut surface reddish-brown. Adrenals, kidneys and urinary tract: N.A.D. At 
lower end of femur, demarcation between bone and cartilage sharply defined, 
with cartilage remarkably easily detached from the bone. No visible changes 
in the stomach and intestines. 


Microscopical examination of preserved tissues, carried out in 19i7. 

Onlj' parts of the cerebrum and of the other organs mentioned 
below are preserved, embedded in paraffin. 


The cerebral parts are from the cerebrum and extend into the ventricular 
system, so that the ependyma and parts of the choroid ple.xus are also found. 
In large areas the cerebral tissue is entirely destroyed and plentifully in- 
filtrated with finely-grained calcium deposits. In the other parts the tissue 
is soft and considerably permeated with fat-containing phagocytes as well as 
inflammatory Cells. These consist partly of leucocytes and partly of plasma 
cells and l.vmphocytes. The opondjuna is fairly well preserved. The vessels are 
much dilated and engorged. Here and there arc small fresh haemorrhages. 

Toxoplasma localized intracellularly (pseudocysts) were demonstrated in 
one place only. 

Parts of the leptomeninges are also included in the sections. They are 
very abundantly infiltrated xvith inflammatory cells, of the type mentioned 
above. The vessels are much engorged. 

Liver: The acinic pattern is indistinct. The parenchy^mal cells show no 
marked changes. Small vesicles, however, appear in places in the protoplasm, 
indicating a certain degree of fatty degeneration. The intra-acinary capillaues 
are somewhat wide and contain red corpuscles — of wdiich many are nucleus- 
bearing — as well as leucocytes and lympocytes. The Kupffer cells are of en 
swollen and sometimes show a picture of phagocytosis. Large groups of ce s, 
of myeloblastic and myelocytic type, are frequently seen in the peripor ^ 
nective tissue, as well as more or less mature leucocytes and occasio 
lymphocytes. The bile duct and biliary vessels show^ no evident changes. « 
necroses were demonstrated, nor were Toxoplasma observed. 

Sections from the cartilage-bone junction at the upper end o ‘ 

show fairly normal bone marrow and no evident changes within i 


forming zone. . , ,, rr-i.-y 

Spleen: The follicles arc indistinct and ill-defined against the puip. 
contain no growdh centres. The pulp is moderately engorged an ai 
in cells. Apart from nucleus-bearing red corpuscles, no pathologic 
ments appear to be present. No Toxoplasma were demonstia e . 

Kidneys: In the stroma of the cortex small groups of lympiocy j 

are seen in a few places. Otherwise the renal parenchyma shows no notau 
changes. No Toxoplasma were demonstrated. 
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SP„.0CM=,.. wc .01 c,=,PO„..,.a..<. .n «.c LovaOm-a.n..- .lUlo. or ,.,0 
lever, spleen and kidneys. 

Pathological diagnosis: Toxoplasmosis + crylhroblaslosis. 

Tlie mother was tested serologically on 25. 4. 47. This test ga^ c 
t vTro.ult (> 25 neutr. react, doses) and the diagnosis of toxo- 
co^rn .o«r caoc. T„e nrotKer „a<, l,oc„ a earner 

of the infection and had infected her child in ”lcro 
It is of interest to note that the mollier, m 1939 
VA and 5 years respectively after the birth of the chi ( %m i o. 
plimosia - gave birll, lo too l.eallhy cl.iklren, Al a rcccnl cxaar.na- 
tion, both these children were clinically free from symptoms. 


Cases i / and 12. 

E, a girl, (Case 11) b. 1.10.31. two moiiHis before (crm. The father was 
26 years old and healthy. Tlie motlicr, who since the age of li had suffered 
from a slight cardiac disorder, hut was otherwise licaltliy, was vO. 

The mother (Case 12) had a miscarriage in 1029. During the pregnancy 
in question here she liad only been sporadically controlled, hut on these oc- 
casions showed no patliological symptoms. During the last weeks of 
pregnancy she felt )>vory tired and pcculiar« and towards the end the abdomen 
was extremely swollen. On 20.9.29. labour pains started, but ceased after a 
short time, but there was considerable escape of the liquour nmniS. On the 
evening of 30.9.29. the labour pains started once more, and tlie foetus was 
born on the following morning after a normal delivery. 

The placenta and the memhreancs were expelled spontaneously. The ida- 
centa was whole and showed nothing abnormal. Following delivery, the 
mother had a slight rise in temperature (resorption fever) for a few days, 
and felt increasingly tired. This discomfort subsequently increased to such 
an extent that she was unable to work for about S months after delivery. 

During Jlay/August 1931, the mother worked ns a domestic servant in a 
family in the country. In her duties was included the care of a fo.x-terrier, 
who — according to her statements — liad numerous ticks in its fur. She 
found ticks on her own skin very often during this time. The dog died in 
1935, but no investigation into the cause of death was made. 

The infant was extremely oedematous, only breathed once or twice, and 
died after one minute. 


Antopsg (F. Wahlgren). 

infant, colour of skin pale reddish-brown. Length: 18 cm. Weight: 
nww' head: 37.5 cm. No signs of maceration. Mas.sivo 

oedema m the subcutaneous tissue 1 cm. thick, for examiilc, in the abdomen 
On pressure exuded plentiful quantities of yellow, clear fluid. 

'hydrocephalic shape in the .skull, with wide sutures 
soft hiTnnTf^ t'lin-wallcd sack, cxtremelv flaccic and 

ment Cerebral ' ^ l?'"”"halod yellowish-brown sedi- 


15 * 
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changes. Thymus smaller than usual, flaccid and touch in onn • . 

the trachea and bronchi pale. About 100 cc. of yellowish-red clear fluid 
abdominal cavity. Stomach and inlcslines without gas. Livei of norli c ® 
and firm consistency. Cut surface brown, without pattern. Bile ducts paMreas 
and portal vein: N. A. D. Spleen very considerably enlarged, about 5^6 times 
normal size. Firm in consistency. Cut surface reddisli-broun and smooth 
Adijnalj of normal size, cortex fairly thin and yellowish-brown. Medulla 
reddish-brown and moist. Kidneys and vrinary tract: N. A. D Umbilical ves 
sels: N. A. D. 

At the lower end of the femur, the border of the epiphysis marked as a 
yellowish-brown, somewhat irregular streak, considerably broader than usual. 


Microscopical examination of preserved parts of tissues, carried out 

in 19/r7. 

The examination material consisted of paraffin-embedded parts 
of the cerebral hemispheres and the central ganglia. 


The cerebral tissue is completely necrotic in very large areas and more 
or less plentifully infiltrated rvith calcium deposits. There are also several 
fresh haemorrhages. Between the above-mentioned areas, which principally 
appear to consist of the areas nearest to the ventricular system, there are 
parts where the cerebral tissue is more or less colliquative and often plenti- 
fully infiltrated with inflammatory cells. The majority of these consist of 
leucocytes, of vvhich many are eosinophils. There are also lymphocytes and 
plasma cells, as well as numerous fat-containing phagocytes. The vessels are 
considerably dilated and engorged. The arachnoidea is plentifully infiltrated 
with inflammatory cells of the kind just mentioned. Intracellular agglomera- 
tions of Toxoplasma are found in several places. 

Liver: The acinic pattern only appears indistinctly. The parenchymal cells 
in the central parts of the acini are often entirely destroyed and a narrow 
strip of more os less degenerated parenchymal cells is found only in the 
periphery of the acini. The central parts of the acini are often plentifullj 
infiltrated with small lymphocyte-like cells — single leucocytes and normo- 
blasts and myeloblasts. The cells of the reticulum appear to be fairly well 
preserved. The intra-acinary capillaries are wide and contain nucleus-bearing 
red corpuscles. The periportal connective tissue is not more abundant than 
usual, but it contains abundant agglomerations of mononuclear lymphocyte- 
like cells, as well as cells of myelocyte and myeloblast type. Bile ducts aim 
vessels: N. A. D. No Toxoplasma demonstrated. 

Spleen: The follicles are small and indistinctly defined against the pulp, 
which is engorged and poor in cells. Precursors of red and 
are found in the pulp. No swelling of the actual pulp cells. No Toxoplasma 

demonstrated. ' . 

Kidneys: The interstitial tissue, both within the cortex and the me^u* ’ 
is very plentifully infiltrated with lymphocytes and precursors o , 

white corpuscles. The tubules are ruptured by this great ^ 

cells. Neither the epithelial cells of the tubules nor the glomeruli s 
marked changes. 
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TUe perirenal ally tissue Is 

“ir * eSnsTceiis i1Sn.l"eS.Z Sue 

nnd the cells of the cortex show no mar ‘ pi-ecursors of red 

demonstrated. 



Fiff. 2. 

Case 11. Intracellularly situated Toxoplasma (pseudocyst) from cerebrum. 
Magnification ca. 1000 X. 

Bone-marrow: Sections from the cartilage-bone junction at the upper end 
of the tibia show no marked abnormalities within the bone-forming zone. 
Bone-marrow; N. A. D. 

Spirochaetae were not demonstrated in Levaditi-stained slides from the 
liver, spleen, adrenals or kidneys. 

Pathological diagnosis: Toxoplasmosis -(- erythroblastosis. 


As a result of the observations made on fresh examination of the 
anatomical preparation from this child, the mother was tested serolo- 
gically. The test made on 9. 5. 47. gave a positive result (25 neutr. 
react, doses), and showed that toxoplasmasis had been present in 
both cases. The infection had been transmitted to the foetus by the 
mother, who was suffering from a subclinical infection. 

In 1936 and 1937, thus 2 and 3 years respectively after the birth 
of the child with toxoplasmosis, the mother gave birth to two healthy 
children. They were recently examined, together with their mother 
and were found to be'healthy. ’ 



Survey of symptomatology in the 12 



tovonlnsmosis ill the matcvial. — ll 

Serolo- 

gical 

exami- 

nation 

Patholofiicnl 

changes 

Diagnosis 

Place ami 
dale 

Remarks 

+ 

— 

Clinical 

Serological 

Stockholm 

194.') 

Blind, mental deficiency. Birth 
weight: 2020 g. llypoprothrom- 
hinaemia. 


— 

Serological 

Stockholm 

1945 

Intense fatigue 2 mths. before and 

4 mths. after delivery. No other 
svmptoms. Gave birth to healthy 
ciiild 1944. 

+ 

— 

Clinical 

Serological 

19 : 44 — 

—1935 

Blind. 

+ 

— 

Clinical 

Serological 

1937- 

-193S 

Blind. 

Notper- 

forinecl 

Changes typical 
of toxoplasmosis 
in the cerebrum, 
with intracellular 
Toxoplasma 

Autopsy 

Stockholm 

1947 

Birtli weight: 2850 g. 

+ 

— 

Serological 

Stockholm 

1940 

Intense mental fatigue. Entirely un- 
able to work for -4 mths. after 
dclivcr.v. 

+ 


Clinical 

Serological 

1 

Vagnharad 
1945-40 i 

Blind. Mental deficienc.v. Birth 
i weight: 1100 g. Hypoprothrom- 
binacniia. 

•4* 

— 

Serological 

Vagnharad 

1945 

No symptoms of disease. Two 
healthy children born I9:i8 and 

1941. 

Xol per- 
ronned 

Changes typical 
of toxoplasmosis 
in the cerebrum, 
with intracellular 
Toxoplasma 

Autopsy 

Stockholm 

1937 

A.sj)hyxia and marked cyanosis. 
Birth weight: 20.30 g. 
F.vytlirohlnstosis. 

+ 

— 

Serological 

Stockholm 

19:47 

Anaemia and considerable menial 
fatigue 2 mths. before and 3—4 
mths. after delivery. No other 
symptoms. Bore two healthy 
children 1939 and 1942. 

Not per- 
formed 

Changes typical 
of toxoplasmosis 
in the cerebrum 
with intracellular 
Toxoplasma 

Autopsy 

Stockholm 

1934 

Birth weight: 3120 g., horn 2 mths. 
before term. Congenital hydrops. 
Erythroblastosis. 

.+ 

— 

Serological 

Stockholm 

1934 

During the weeks immediately prior 
to delivery »tired and peculiar«. 
After -delivery -severe mental fa- 
tigue for 8 months. Bore two healthv 
children 1930 and 1937. 
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Discussion. 

The diagnosis of toxoplasmosis can be considered definitely con 
firmed in the cases described here. As mentioned earlier, this diagnosis ■ 
can not be made with certainty on the grounds of the -clinical mani- 
festations-_alone, or l)y_demonsti:ation. of xu:§anisms__of_Toxopias~rna 
raorph-olpgy. The demonstration of specific antdrodies, or the isolation 
of Toxoplasma by means of inoculation of-animalSa is required for a 
m ore specific dia gnosis. Nine cases (Nos. 1, 2, 3, 4, 6, 7, 8, lo'andTi) 
were tested_serplfigi£fllly, and in all of these it was possible to confirm 
the diagnosis by the demonstration of specifie-antibedies. In the re- 
maining three cases (Nos. 5. 9 and 11), such tests could not bejnade. In 
these cases there was, however, a typicaL-pathological-lpicture, and 
organisms of Toxoplasma morphology were demonstrated in each case. 
In further support of the accuracy of the pathological diagnosis, 
we have the fact that thC' mothers of these three infants who died im- 
mediately after birth were serologically positive. 

These Uvelve cases of toxoplasmosis are the first to be diagnosed 
in Sw'eden. As is seen from the material, this infectious disease is 
not, however, new in our country. Case II, for example, occurred as 
early as 1934. 

Despite careful investigation, it was not possible to show the source 
of infection in any of the cases. Only in Case 12 did we obtain informa- 
tion of the exposure to ticks. 


Summary. 

After a short historical survey of human toxoplasmosis, an ac- 
count is given of twelve cases of the disease in Swmden, in which the 
diagnosis could be made with certainty. 

The material can be divided as follows: 

1) Five cases of congenital toxoplasmosis. 

2) Two cases with residual symptoms after an earlier probable 
congenital Toxoplasma infection. 

3) Five cases of subclinical infection in mothers of children with 
^ congenital toxoplasmosis. 
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DISCUSSION 

S Winb^sd: In December 1946, in the Flenburgska Childrens’ 
ospital in Malmo a case of toxoplasmosis was observed in which 
the diagnosis, however, was established post mortem. 

This was the case of a newborn girl, who was admitted for observa 
lion already shortly after birth. Even at delivery a pronounced en- 
largement of the spleen and liver could be made out. There was slight 
icterus. The placenta had been enlarged. Blood-grouping of the child 
as well as the parents gave no evidence of erythroblastosis. The micro- 
sedimentation rate was early increased to 6 miiiThour. The blood 
picture and temperature were normal. The brain was distinctly af- 
fected, the child being drowsy all the time. Gradually the temperature 
became irregular, and penicillin was employed for some length of time 
without any noticeable effect. Two abscesses were noticed in the 
occipital region, and cultures from them yielded growth of staphylococ- 
cus aureus, on which account sepsis was looked upon as the most 
probable diagnosis. After two months of illness, the child died. 

Autopsy revealed pronounced changes in the brain. Here the ven- 
tricles were distinctly dilated, and large parts of the central regions of 
the hrain facing the ventricles had undergone necrosis. Areas of calcifi- 
cation were numerous within these necrotic structures. These changes 
were found only within the cerebrum, whereas cerebellum and the 
medulla oblongata were normal. The liver had undergone pronounced 
changes reminding of cirrhosis; it was greenish in colour. There was 
also splenomegaly (weight 82.5 g.). The lungs showed terminal capil- 
lary bronchitis. Otherwise the organs showed no abnormality. 

On microscopic examinations the liver vvas found to be studded 
with small necrotic foci of inflammatory character. It had a certain 
resemhlance to congenital sj'philis. Sections from the brain were more 
suggestive of necrosis with small areas of calcification than of in- 


flammatory processes. 

Thus the picture presented by the autopsy findings seemed indica- 
tive of chronic sepsis together with cirrhosis of the liver. Still the 
Wassermann test had been performed on the mother repeatedly and 
always turned out negative so that any suspicion of congenital syphilis 
found no support in this way. Before long, however, the idea of con 
genital toxoplasmosis suggested itself when we learned that such cases 
had occurred elsewhere in Sweden — and also in Switzerland. So ar, 
ho'wever, the diagnosis could not be confirmed histologically by 
monstration of toxoplasma. Through the kind collaboration of Docent 
Gard the mother’s blood has been examined serologically and m this 
way it has been ascertained that even though the serum kad een 
left standing for a rather long time, it still was able to neutralize 


rcsctivc ciosGS c 

In view of the autopsy findings — necrosis with calcification o . 

the brain and miliary necrosis of the liver together with e po 
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silivcly serological findings in the inolher’s blood, we here appear lo 
have been faced by a case of congenital loxoj)lasniosis. So it may be 
of considerable interest in the future to pay close attention to such 
cases as perhaps they are not so cxcei)lional, bul occurring in oui 
countries now and then. 

S. Rubarth {Presented bij H.-J. Hansen) : The material of diseased 
game animals examined by Professor IIul])bers, 'I'lie \ elerinary High 
School, includes several bares showing a uniform auloi)sy picture in 
which no bacteriological examination or inoculation of normal animals 
with material from the hares yielded any evidence of infection. Nor 
did toxicological examination clear up the cause of death. In order 



Liv(M' cells with Toxoplnsnia. 
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lure of blood. In most of the cases the liver was studded with foci 
light in colour and varying in size, while the mesenteric regional lymph 
glands largely had undergone necrosis. 

Histological examination of the liver showed often numerous areas 
of necrosis without any definite localization in the lobules. Usually 
the necrotic areas were sharply defined, without any surrounding re- 
action, and presenting a distinct reticular structure, due to precipita- 
tion of fibrin. In the mesenteric lymph glands the necrosis was always 
of central location, often invoking the entire gland — with exception 
of a narrow' border of intact lymphoglandular tissue adjacent to the 
marginal sinus. The transition from the necrotic part of the gland 
to the intact tissue wms indistinct. Often the surrounding connective 
tissue w’as the site the of inflammatory changes. 

In most of the cases also the myocardium, and sometimes the brain, 
w'ere also examined histologically — wnlhout presenting any particular 
abnormality. 

In all the cases, round congregations of toxoplasma could be de- 
monstrated in the cells of the liver as well as in endothelial cells 
w'ilhout any direct connection with the necrotic processes described 
above. The parasites wmre lying in pseudocysts closely adjacent to ap- 
parently intact cells. In the border of necrotic changes surrounding 
the necrotic processes in the lymph glands, strikingly many intra- 
cellular accumulations of toxoplasma were encountered, and the same 
applies to the inflammatory connective tissues surrounding the lymph 
glands. The above described localization of the toxiplasma in the liver 
is suggestive of a fairly old infection, possibly contracted in the sum- 
mer. Weinmann has observed such chronic infections in experimental 
animals, and I have seen the same morbid picture in a dog that had 
been given an experimental infection, 3 months before, and now died 
of an intercurrent disease. 





SOME ASPECTS OF THE NORMAL, ANTI- 
BACTERIAL DEFENCE 


By 0. Maaloe. 

In this paper some results from studies of the mechanism of 
bacterial infections will Fe compared wth theories and results from 
coagulation- and complement-research. For experimental data, refer- 
ences will he made to other publications. 

It is necessary first to limit the subject; and in order to obtain 
relatively simple conditions we shall, in the following, deal only \vith 
the acute phase of bacterial infections, i. e., all immunological phen- 
omena are left out of consideration. Furthermore, we shall limit our 
studies to a special case: the Salmonella typhimurium infection in 
mice.* ) 

The course of this infection is well known from earlier works by 
0Tskov, Jensen & others (1, 2). The essential feature is that pathogenic 
strains of this bacterium are able not only to invade the organism 
through the intestinal wall, but that they resist the antibacterial forces 
well and, therefore, rapidly multiply inside the organism. In the end 
bacteria swarm over the organism, and, though the individual bac- 
terium is but slightly toxic, the animal dies from a general intoxication. 
This final phase is reached when the amount of bacteria, constantly 
sent into the blood-stream from the infectious foci, becomes so great 
that even the very active phagocytes of the liver and spleen can no 
longer keep the bacteriaemia down. 

Jensen (3) succeded in isolating a relatively apathogenic variant of 
S. typhimurium. It Avas found that this strain, which does not differ 
from the original one in morphology or antigenic structure, is also able 
to penetrate the intestinal wall and create primary foci in the regionary 
glands. When these foci have been established, the infection, however, 
takes a course very different from that just described; the infection 


loir'® tlie same as is used in a paper to be published shortb 

if ’cj »Pathogemc-apathogenic transformation« of the same strain 

of S. typhimurium as are referred to in this paper. 
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does not spread much beyond the primary foci, and it is clear that 
the antibacterial forces acting in and around the foci are able to 
prevent a generalization of the infection. The foci themselves mav 
ho^ve^mr persist for quite a long time. ~ Using the term invasiveness 
to designate ihe bacterium’s faculty for multiplication inside the organ- 
ism, we describe the two strains of S. typhimurium as invasive and 
non-invasive respectively. With this definition it is clear that an 
invasive bacterium is one which resists the antibacterial forces of the 
organism better than a non-invasive bacterium of the same type does. 

Having seen how completely the course of the infection with S. 
tj'phimurium depends on multiplication of the bacteria in the primary 
foci (2), we shall novv examine what antibacterial forces are acting 
on the bacteria in these foci. — From in vitro experiments it is known 
that S. typhimurium is resistant to the action of thermostable bac- 
tericidal substances in serum, but that both the original strain and 
its variants are susceptible to the action of complement (4). More- 
over, the writer has showm that complement is the active principle in 
the important phagocytosis-promoting process as well as in the he- 
molytic and bactericidal processes (4). One must, therefore, expect 
complement to play an essential part in and around the bacterial foci 
where phagocytosis by leucocytes is' the most important antibacterial 
action. 

It is shown in another paper (5) that a striking correlation can be 
demonstrated between pathogenicity and resistance to complement in 
vitro: It is invariably found that the pathogenic strain, i. e., the one that 
best resists the antibacterial forces in vivo, is much more resistant 
to complement in vitro than the apathogenic strain. Together with ex- 
periments showing that the two strains have nearly the same toxicity, 
this correlation between pathogenicity and resistance to complement is 
very convincing, and points dirc'tly to complement as the most active 
factor in the normal defence against the S. typhimurium infection (5). 


At this point, however, we come up against a theory, put forward 
on different occasions, which claims that the activity of complement 
is zero or at least vmry low in the circulating blood. 

In support of the early French theories concerning the origin of 
complement, Wollmann (6) published the following experiment. Into 
a closed section of the vena jugularis of a rabbit sensitized cholera 
vibrions or bird erythrocytes were injected, and at intervals samp es 
were withdrawn for microscopical examination. Within about 10 mm. 
from the injection no complement activity could be seen, wdnie m a 
control test with serum from the same animal a strong complement 
effect was noticed after 4 — 5 min. 

Later, and from quite another point of view, Fuchs studied the 
hemolytic activity of complement in plasma prepared from rabbits 
in such a wmy that coagulation wms prevented without addition o 
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hibitina substances (7). These experiments showed that complemen 

did not act until coagulation was started (or j 

(8,9). Based on these experiments and on several physico-chemical 

resemblances between prothrohin and the 

complement (CJ, Fuchs postulated identity between prothrombin and 
C and worked out an elaborate theory, the essence of which is Ilia 
the coagulation- and complement processes are competitive with re- 
gard to prothrombin (or C,) (8,9). This theory has met with much op- 
position (10, 11, 12, 13) and is now hardly taken seriously. However,- 
refuting Fuchs’s theoretical construction should not make us forget 
the experimental facts on which he based his theories; and though 
some of Fuchs’s experiments, which are technically difficult, have not 
been succesfully reproduced by others, many of his results have never 
been disputed: viz, that prothrombin and C, are closely related sub- 
stances (10, 11), and that the coagulation and complement processes 
are both inhibited by different agents, such as excess of CO„ (14, 15), 
heparin and cobra venom. Fuchs’s observation, stressing the similarity 
between the two processes, thus point in the same direction as WoU- 
mann’s results and strongly suggest that, like coagulation activity, 
complement activity is very low in the circulating blood. 

We shall now, partly based on the writers experiments, try to can-y 
further the comparison between coagulation and complement activity. 
The following 4 points will be dealt with separately: 


A) The relation between prothrombin and Cj. 

B) The effect of Ca-precipitating substances on the processes. 

C) The relation between Thrombokinase and the fourth component 
of complement (C^). 

D) The inhibiting quality of some substances with regard to both 
processes. 


A: The »likeness« between prothrombin and has been mentioned, 
and in this connection reference should be made to a survej' of the 
problem given by Osborn (16). — As long as neither prothrombin nor 
C, are sufficiently well characterized chemically and physico-chemical- 
ly, this »likeness« can not, as an isolated phenomenon, claim too much 
importance. 


a titrate, oxalate and other Ca-precipitating salts a 

wrUer (4rT7^'°'' complement is given by Bie 

nnter (4} ihe experiments show that a perfect parallelism exists 

behveen the tahibiting etfccls of ihe different salts on coagnlalS 

Slonss respectively. The conclusion that free 

1 H -oT for both processes, is supported by a recent worl- 

by Hedeiberper and collaborators ( 17 ). These investigatojrrnd tha; 

re™”terv:rMterc?:xrTd" 

-eet than ca. -f -- 
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Mer*P,Hemer (19) and others) have tailed to register the inhlhiline 
effect on complement of citrate and oxalate is readily explained by the 
dilution they interpose between the addition of the salts and ^rde 
termination of the complement activity. This dilution of the citrate- 
or oxalate-plasma alters the equilibrium between bound and free Ca 
(or Mg) in favour of the latter, and such experiments, therefore show 
the effect not of the original concentration of citrate or oxalate but 
that of the much lower concentrations- attained through the dilution 
(4). 

C: As to kinase and Q (the complement component that can be 
destroyed by ammonia), several qualitative resemblances can be de- 
monstrated: 1) both substances are, presumably, lipoproteins: 2) 
both substances are stable at 56®, but are destroyed rapidly at about 
70® (20, 25); 3) both substances are present in serum, while in the 
organism kinase is found intracellulary in thrombocytes, leucocytes 
and other cells; the leucocytes are known also to contain (21); 
4) most important in this connection is, however, Deissler’s observa- 
tion (22), that is involved in the first step of the complement 
process, i. e., just as is the case with the kinase in the coagulation 
process. Deissler's results have been confirmed by the writer (the 
experiments are not published). 

D : Here I shall briefly point out that most — if not all — coagula- 
tion-inhibiting substances have been found also to inhibit the action 
of complement. Quantitative differences are, however, met with, as in 
the case of heparin, where the concentration required for total in- 
hibition of coagulation has only a minor effect on the action of 
complement. That the inhibitions are, nevertheless, of a like nature 
may be concluded from the experiments of Regameg (23), who has 
demonstrated that a determination of the inhibiting effect on hemolysis 
of a heparin preparation can be used directly to express its anti- 
coagulant potency. 

Summarising the above statements we may cautiously conclude 
that, from several independent points of view, great resemblance is 
found between the coagulation and complement processes. We shall, 
of course, not go as far as to identify any pair of components taking 
part in the two processes; but wm may safely assume the processes 
to be of similar nature and constitution. 

That we shall not expect some day to be able to identify the 
is clearly seen from the following signal difference between . 

hinase is added to a system containing all other coagulation 
except fibrinogen, the conversion of prothrombin to thrombin s a 
diately and is completed within 30-60 min. In fresh serum we have the 
thrombin-like Cj, the kinase-like together with Ca and Mg m 
solution and nothing seems to happen; after several hours we may 
tivate the serum by Ca- and Mg-precipitation or by destruction of W ’ 

therefore, that the complement process does not start until . Jp„. 

its action is present. — Fuchs was well awmre of this difference, bu i 
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Ties do not account for the fact tha^, a strong 

factor (factor V), and given an explanation of the mechanism of the ant 
catalytic process leading to the conversion of prothrombin to thromhin. It 
is very likely that Oxurcn's theories and his refined methods for separation 
of the different clotting-factors will prove useful for 

the coagulation and complement processes. It is tempting to look foi a fun 
tional parallelism between Owren's thermolabile factor \ and €„ (the com- 
plement end-piece). 


After this short comparison of the coagulation and complement 
processes we shall go hack to the mechanisms of infection and anti- 
bacterial defence. — We have seen: 1) that the course of the S. 
typhimurium infection depends on the multiplication of the bacteria 
inside the organism, i.e., on their invasiveness; and 2) that the correla- 
tion between pathogenicity and resistance to complement in vitro 
strongly suggests that, in the present case, complement is the principal 
antibacterial factor; 3) that, presumably, the complement activity is 
very low in the intact organism; and 4) that the coagulation and 
complement processes resemble each other closely in several respects. 
Finally, we have noticed the important fact 5) that primary foci have 
been established before any difference is seen between infections with 
pathogenic and apathogenic strains. 

From the points 3 and 4 we derive the following hypothesis: That 
the coagulation and complement processes are activated under the 
same conditions and in a similar waj'.* ) — It follows from this hypo- 
thesis that in and around a bacterial focus, where thrombocytes, leuco- 
cytes and other cells are being destroyed with the liberation of kinase 
and C^, an activation of both coagulation and complement activity 
must be expected. That the coagulation process is activated we know 


from the histological picture, where clots are regularlj' found in the 
small vessels around the focus. 

Conclusion: We are now led to form the following picture of the 
defence against an acute infection of the type studied here: The 
bactericidal and especially the phagocytosis-promoting action of 
complement, which largely determines the degree of phagocytosis by 
leucocytes, is the most important factor in a latent antibacterial de- 
fence. — I, e., a defence which is activated locally, as the coagulation 
process is, when, owing to mechanical or toxic ccU-destriiction the 
necessary activating substances arc liberated. We must thus view the 

S a bacterial focus as constituting a harrier 

th high antibacterial activity through which a bacterium must pass 
border to penetrate deeper into the organism and create more centS 


not been snccosslully (eSlucod “"1 
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foci. It is seen how this conception of the antibacterial defence me 
chanism reconciles the above observations 2 and 3; i. e., that comtil 
mcnt seems to be the most important factor for the defence and tLt 
in the intact organism, complement activity seems to be very low. ’ 

The results of this purely deductive work must not be taken to 
be more than a working hypothesis, which the writer hopes will 
prove useful to future investigators in this field. — Among the 
problems first to be solved are: Can it be experimentally confirmed 
that the activity of complement is negligible in the intact organism? 
Is there, as the writer’s preliminary experiments indicate, an initial 
phase with especially strong complement activity just after bleeding 
the animal i. e. while coagulation is going on? 

In conclusion the writer points out one practical inference of the 
theory: The picture given here of the normal antibacterial defence may 
explain why so little clinical value is attached to determinations of 
the antibacterial activity of sera from patients. The views put forward 
in this paper indicate that examinations of blood withdrawn from the 
organism are irrelevant if we want to determine the resistance of the 
patients to infections. The strength of the antibacterial forces in serum 
seems less important than the question of how rapidly and completely 
the local activation of the complement activity is brought about in 
vivo. Unfortunately, it is very difficult to attack this problem ex- 
perimentally. 


Summary: 

The courses of infections with pathogenic and apathogenic strains 
of Salmonella typhimurium are described: and it is shown that the 
difference in pathogenicity between the strain is mirrored in the dif- 
ference in their resistance to complement. 

A survey is given of the different points of resemblance between 
the coagulation and complement processes. 

Based on this resemblance the hypothesis is forwarded, that t e 
two processes are activated under the same conditions and in a siniilar 
way. Tliis implies that both processes must have very low activities 
in the intact organism. 

Finally, it is described how this hypothesis leads to the conceptio 
of a latent, antibacterial defence, which is activated locally when, 
through cell-destruction, the necessary activating substances are lifier- 
ated. 


REFERENCES. 

1. J. 0rskov, K. A. Jensen & K. Kobayashi: Zschr. f. Immunitatsforseh., 

34, 1928. 

2. — c& 0. Moltke: Ibidem, S9: 357, 1928. 

3. K. A. Jensen: Ibidem, 63: 298, 1929. 



243 


i. 0. Maaloc: »0n the Relation between Alexin A Opsonin«, Copenhagen 19iG. 

5 _ nVirulent-aviriilent Transformation «. Acta pathologica et micro- 

hiol. Scandinav. (in press). 

6. E. Wollmann: Ann. Pasteur. 27.- 10G3, 1913. 

7. H. Fuchs: Zschr. f. Immunitiitsforsch., G9: 305, 1930—31. 

8. — Ibidem, 69: 330, 1930 — 31. 

9. — Ergebn. der Enzymforseb., 2; 282 — 313, 1933. 

10. — Zschr. f. Immunitiitsforsch., 67; 22G, 1930. 

11. — Ibidem, 69: 51, 1930—31. 

12. A. J. Quick: J. Immunology, 29, 87, 1935. 

13. F. IE. BarcrofU A. J. Quick &■ M. Standlcy-Brown: Proc. Soc. exper. Bio- 

logy, N. Y., 31: 791, 1934. 

14. P. Wising: Acta med. Scandinav., .94: 50G, 1938. 

15. J. H. Ferguson: An. Rev. Physiology, 2; 101,. 1940. 

IG. T. IE. B. Osborn: »Complcment or Alcxiixt, London 1937. 

17. M. M. Mayer, A. G. Osier, 0. G. Bier & M. Hcidelbcrgcr: ,1. exper. Med., 

64; No. G, 535, 194G. 

18. A. Falloise: Bull, de I’Acadcmie des Sciences do Belgique, 1903, p. 135G. 

19. E. E. Ecker & L. Pillemer: .1. Immunology, 49; 73, 1941. 

20. — — & Kuehn: Proc. Soc. exper. Biol. A Med., 4.9; 115, 1940. 

21. E. Maltaner: Ibidem, 32: 1555, 1935. 

22. K. Deissler: Zschr. f. Immunitiitsforsch., 73: 3G5, 1931—32. 

23. B. Begamcy: 4. internat. Congress for Microbiologv, Lectui'e. Copenhagen. 

1947. 

24. T. Astruy: Dansk Tidsskr. f. Farmaci, f6; 193, 1942. 

25. — & S. Darling: Acta Physiol. Scandinav., 3: fasc. 2, IGS, 1951. 

26. P. A. Owren: »The Coagulation of Blood«, Oslo 1947. 

NO DISCUSSION 


16 * 



FBOM THE STATE SERUM INSTITUTE, 


COPENHAGEN. 


MUTATIVE BACTERIAL FERMENTATION 

By Marlin Krislensen. 

As the articles which I have published on this subject in Ada 
pathologica (Vol. 17, p. 193; Vol. 19, p. 537; Vol. 20, pp. 530 and 791; 
Vol. 21, pp. 214 and 957) must make rather difficult reading for those 
who have not worked on the same problem, I shall roughly outline 
some of the principal features in the already published investigations 
and add certain more recent observations. 

Mutative fermentation was first described by Neisser & Massini 
in 1906 — 07, What happens is that in a bacterial culture originally 
lacking the ability to ferment a sugar we suddenly find an individual 
possessing this power and thereby able to multiply at a higher rate 
than the rest of the culture. In plate cultures the mutation is re- 
cognized by the appearance of »acid knobs«, the acid of course being 
detected by a change in the colour of the indicator; as the indicator 
I have exclusively used bromthymol-hlue, which is blue in the case 
of alkaline reaction, yellow in acid reaction. In fluid media there is a 
rather sudden production of acid after a few days, and when Spreads 
are made from it on plates with the same sugar and bromthymol-blue 
(if seeding proceeds at a suitable point of time) we get a mixture of 
blue and yellow colonies. 

To the casual observer it would seem that the mutation is the 
result of contact with the sugar; but after further consideration the 
question must be asked whether the mutation might not be spontane- 
ous, so that the role of the specific medium consisted merely m 
promoting the growth of these spontaneous mutants and thereby 
making it possible to recognize them. And indeed, this view was 
advanced years ago by various authors, but at the time when I began 
to study it, only very little experimental material was available or 
appraising the question of spontaneous or induced mutation. For t ns 
reason I began to study the matter statistically. 

My main experiment consisted of the seeding of about a thousan ^ 
arabinose tubes with a strain of Salmonella dublin, whose propensi j 
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for mutatine with this sugar is well known, especially from a Daniel 
work by HL Christiansen. Actually, these thousand lubes ^ 

Teedtd at once, tlrey being the aggregate of the tubes in a senes of 96 
tubes subcultured several times; all the tubes were 
fermentation appeared. That the treating of the who e material to- 
gether is justifiable is shown by the fad that the dailj' transplanta- 
tions did not cause any real change in the disposition of the cultures 
to mutate under continued incubation. - Naturally, it is not enough 
to record tlie number of mutated tubes in proportion to the total 
number of tubes; from there we must Irj' to get at the point that rea y 
matters: the mutation frequency in relation to the number of bacteria. 

It became clear now in the first place that nothing could be cslahl- 
ished from the experiment as to the existence of a latent period in 
which no mutations occur at all. Still, the frequencj’ of mutation 
was relatively low in the first few days. It increased gradually, and 
from about the third week after seeding till the termination of the 
experiment it remained fairlj’ constant at about fifty times higher 


than the lowest value in the first few days. 

This mutation may he compared with the transformation of a 
radio-active substance. If we take it that every change in the colour 
in a tube is the result of one mutation, and that each mutation leads 
to a wsihle change, we find that the lowest observed mulalion fre- 
quency corresponds to a half value period of about 100 million years, 
the highest mutation frequency to a half value period of about two 
million j'ears. Naturally, this result presupposes that the progeny of 
the mutating individuals are not included, and of course the non- 
mutating bacterium-individuals cannot exist for millions of years; 
nevertheless, the calculation provides a justifiable picture of the ex- 
treme rarity of the mutation process in the very cases where it is 
easily observed macroscopically; were it only a thousand limes more 


frequent, it would not be recognized as a mutation at all ; the fermenta- 
tion would be considered to be primary. 


In its early stages the mutation results in an intensely fermenting 
form, whereas in the later stages we find first a relatively weakly 
fermenting form, which, however, can be induced to continue mutating 
at one or more tempi into an intensively fermenting form. 

We may now inquire whether this increase in the mutation fre- 
quency is due simply to the culture becoming older, or whether it is 
also due to the protracted contact with the arabinosc. A separate test, 
in which the arabinose was not added until after cultivation had pro- 
ceeded for some time, showed that both factors play a part. 

bacilh^’ ^ nuilalive fermentations of the typhoid 


Tvt. 1 ^^‘^‘‘^^^ological diagnostics we distinguish between 

ferments xylose promptly, and the less common Tvpe 
2, vhich does not ferment xylose in 24 hours, but may do so la^er 
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mutatively. Furthermore, strains of both Type 1 and Tvne 9 . 
capable of mutating with dulcite, arabinose and rhamnose In the 
first two cases mutation consists of the appearance of a fermenting 
acid-producmg form, whereas the mutation with rhamnose consist 
merely of the abolition of an initial growth inhibition. It nmv 
transpired that most Type 2 strains primarily are- also stronely in- 
hibited by xylose and yet they ferment this sugar, but very slowly. 
As in the rhamnose medium a mutation now proceeds, whereby the 
primary giowth inhibition is abolished; but at the same time the low 
power of fermenting xylose disappears. It is only by a new mutation 
(which also seems capable of proceeding direct from the original form) 
that we get the form that is capable of a marked fermentation of 
xylose. 


By mutating with xylose Tj'pe 2 is transformed into Type 1; it 
is generally possible, however, to distinguish this ^artificial* Type 1 
from the natural one by the circumstance that the former displays 
inhibited growth on media containing dulcite. Here, however, it is 
quite possible for a new mutation to occur, whereby the growth in- 
hibition is abolished, but at the same time the ability to ferment xylose 
is lost, so that we arrive back at the original form. This cycle can be 
reproduced several times. 

Thus we have an example of two phenomena of mutation, a »posi- 
tive« and a »negative«, which occur coupled; there are also examples 
of two coupled positive mutations, but as a general rule the various 
mutations occur independently. As we can distinguish three forms 
by the behaviour to xylose and two forms to dulcite, arabinose and 
rhamnose, there is a priori a possibility of producing 3X2X2X2 = 
24 different modifications of a given typhoid strain of Type 2 (includ- 
ing the original form). I have succeeded in producing them all. 

I made various tests to elucidate the constancy of these forms. 
First, the fully modified form was subcultured a number of times on 
various media xvithout loss of the acquired fermentation and growdh 
properties. Next, all 24 forms were tested again after seven months 
had passed; hy this time one of them had changed. Finally, all 24 
forms were tested after 41/2 years; four of them had then altered in 
their behaviour to xylose and to dulcite, whereas there was no instance 
of a change in relation to arabinose and rhamnose. (It may be pos- 
sible to produce more stable forms). 

Apart from S. typhi and S. dublin, there are several types within 
the Salmonella group which are slow to ferment various sugars, 
have examined the more important of these and found that in some 
cases a primarily slow fermentation is involved, in others a muta ne 

fermentation. . 

I have also studied a number of »coli-like« bacteria which termen 
lactose or saccharose slowly. The result was a variegated picture 01 
primarily slew fermentation, mutative fermentation and various co 
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connection between the transition from S to R form and the ferment- 
ative change? Does the latter quality arise suddenly or is also this 
brought about through a gradual transition? 

As far as I understood Dr. Kristensen had been able to make 
xylose-negative, dulcit-positive strains become xylose-positive and 
dulcit-negative. by growing them in xylose medium. But when then 
these strains were transferred to dulcit-medium, they again became 
xylose-negative and dulcit-positive. These changes, I think, may hard- 
ly be designated as mutations in the de Vries sense of the term, which 
rather implies a sudden appearance of new permanent properties. 
In the above mentioned cases I find it more reasonable to look upon 
the new fermentative properties, which again may be lost, as an 
adaptation to the media. 

M. Kkistensen: In epidemiological investigations the classification 
of typhoid bacilli in »type 1« and »type 2« has proved very reliable, 
as in the State Serum Institute we never have seen any sign of trans- 
formation of one type to another in a given patient or on transmission 
of the bacterium from one patient to another. The types produced arti- 
ficially in the laboratory, indeed, are of no direct epidemiological 
significance. 

In the old cultures, in w’hich the laetose-fermenting Salmonella 
strain occurs, the rough form is often strongly represented. The fer- 
mentative mutants are sometimes markedly rough, but often relatively 
smooth, and as a rule they are easy to verify serologically. 

As far as can be decided with the technique employed, the acquired 
capacity for lactose fermentation in the Salmonella strains is of muta- 
tion-like nature, as it is possible from the cultures in w'hich the 
fermentation takes place to isolate both fermenting and non-ferment- 
ing forms. 



FROM THE UNIVERSITY INSTITUTE OF GENERAL PATHOLOGY, 
COPENHAGEN. (CHIEF: PROFESSOR K. .-I. JENSEN, M.B.). 


ACQUIRED PENICILLIN RESISTANCE IN 
PATHOGENIC COCCI 

By Knud Rieiuerts Eriksen. 

In. view of previous experiences with other antibacterial substances, 
it was only natural after the introduction of penicillin in the therapy 
at once to look into the question about penicillin resistance. Indeed 
a great number of works concerning this problem have been published 
already and it has been practicable in all the ordinary pathogenic 
cocci to produce an increased penicillin resistance by growing these 
microorganisms on penicillin-containing media. 

The views concerning the resistance thus acquired have been widely 
divergent, as in many cases this resistance has been characterized 
as unstable, and the resistant strains have been designated as avirulent. 
On the other liand, the clinical literature has brought a good many ex- 
amples of increase in the resistance of the cocci under treatment with 
penicillin. 

The studies to be reported in the following were carried out with 
pneumococci, streptococci and staphylococci. In all the strains exam- 
ined it was found practicable to produce an increase in their resistance 
after growing them for some length of time on fluid media with 
increasing concentration of penicillin. 

After daily transfer of 10 pneumococcus strains for 2 months, 
their resistance was increased up to 60 times. In keeping with the 
findings reported by other investigators, all resistant strains showed a 
slower growth than the corresponding normal strains, weaker he- 
molysis on blood agar and smaller size of the individual cells, together 
with a few larger and irregular bacteria, often growing in chains. 
These strains have been under continuous control examination by 
means of the capsular swelling reaction, and the type character has 
remained quite unchanged. 

In contrast to the findings. of some other authors, it was possible 
in all cases — as a rule after very few mouse passages — to increase 
the virulence of the strains, which naturally was lowered consider- 
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abb after daily transfers in vitro through such a long period so thnt 
ley became almost just as virulent as the original strains ’onlv in 
one case — a pneumococcus Type 8, the resistance of which las 
increased about 20 times — was the virulence apparently lost complele- 
b. Serum bro h cultures of this strain showed a large sediment with 
iormation of long chains of large irregular bacteria; and on blood 
agar this strain produced no hemolysis. On mouse passages for 2 
months, however, its ^nrulence increased gradually, and at the same 
time its growth became normal again, while its penicillin resistance 
decreased to about one-half. In a fe%v other cases the resistance de- 
creased but very slightly through mouse passages. On the whole, 
however, the acquired penicillin resistance of these strains may be 
characterized as stable — even after mouse passages through a long 
period with cultures made on penicillin-free media. 

With several of the resistant strains therapeutic experiments were 
carried out on mice with subcutaneous injection of a single dose of 
penicillin immediately after intraperitoneal injection of the respective 
pneumococci. Thus it was possible in vivo too to demonstrate an 
increase in the penicillin resistance of these strains, but the degree 
of resistance was always lower in vivo than in vitro. No doubt, this 
is due to the fact that infection with a resistant pneumococcus strain 
develops more slowly than does infection with the corresponding 
sensitive strain — in analogy with its lovver rate of growth in vitro. 

In keeping with the findings reported by other investigators, the 
sensitiveness of the strains in vitro to sulfathiazole remains quite un- 
changed oh increase in the penicillin resistance. In therapeutic ex- 
periments, however, we meet with a rather considerable difference 
in this respect; successful treatment of the »resistant« infection re- 
quires considerably smaller doses of sulfathiazole than does infection 
with the corresponding penicillin-sensitive strain. Undoubtedly the 
explanation of this is also to be found in the slower development of 
the »resistant« infection. 


In 6 strains of hemolytic streptococci, after daily transfer on peni- 
cillin-containing serum broth for about one month, the resistance was 
increased 100—400 times. On blood agar the resistant strains grew but 
very slowly and without hemolysis. The virulence of these strains was 
lost completely: even intraperitoneal injection of 2 cc. resistant cul^re 
was not lethal to mice. When the resistance was increased less than 
10 times, the' virulence was decreased hut slightly. As soon as e 
resistance was increased 20 — 40 times, however, the virulence was verj 
low, even though the capacity of the strain for hemolysis was no 
yet lost. Like the pneumococci, all the resistant streptococcus strains 
kept their penicillin resistance unchanged even on daily transfer on 
penicillin-free media through a long period. 

In addition, 12 strains of staphylococcus aureus were tested m a 
similar way. After a few transfers on penicillin-containing broth 
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r=sislancc was already increased; and this 

Chances in the morphology of their colonies; there ^^as a decrease 
in the pigment production, and quite small non-pigmented colonies 
appeared.^ The number of these small variants of colonies inci eased 
^^dth increasing penicillin resistance; and finally two strains « 
these variants in pure culture. After daily transfers for 4 weeks the 
resistance was increased about 500 times. On determination of the 
resistance after the agar cup method as modified by K, A Jensen, 
most of the strains showed only an insignificant bacteriostatic ettect 

from 100 O. U. of penicillin per cc. 

A few staphylococcus strains — those which showed the loivest 
percentage of smalt colony variants — presented some particular 
features on determination of the resistance after the agar cup method: 
perfectly clear zones of inhibition for as long as 10 — 12 hours 
even with rather tow penicillin concentrations — and then the in- 


hibition zones were covered by a dense growth; but this growth could 
still he inhibited by the stronger penicillin concentrations. From these 
experiments it is evident that a »penicinin-resistant« staphylococcus 
culture consists of a mixture of rapidly growing penicillin-sensitive 
bacteria and slow-growing penicillin-resistant bacteria. 

In contrast to the pneumococci and streptococci, the penicillin 
resistance of the staphylococci is soon lost on daily transfers on peni- 
cillin-free medium; and the above-mentioned small colony variants 
disappear at the same time. This is due in part to the fact that the 
small colony variants, which indeed represent the resistant fraction, 
arc unstable and dissociate normal bacteria, and also to the circum- 
stance that the normal, rapidly growing, penicillin-sensitive bacteria 
overgrow the resistant bacteria. 


Later, with the same 12 strains of staphylococcus aureus, an in- 
crease in the resistance amounting to about 10,000 times was obtained. 
After this, most of the strains showed small colony variants in pure 
culture. After daily transfer on penicillin-free broth for 2 months all 
the strains still yielded pure cultures of non-pigmented colonies even 
though these now were a little larger than the original small colony 
I ariants. As early as after 2 weeks of daily transfer on penicillin-free 
noth the resistance had decreased quite considerably — to about 10 
times the normal - and it kept at this level throughout the rest of 
the expenment. So the above explanation of the unstable resistance 
does not apply to all cases, as evidently the small colony variants 
may loose m resistance without dissociation of colonies of normal 


nf on underlying mechanism in the developmen 

it wnfn?^ resistance has lately been discussed a good deal. Previoush 
, ,1 prevailing view that this was a matter of adaptation throuai 

iMth higher penicillin concentrations. Various authors havt 
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claimed, however, that the resistance develops through mutation that 
arises independently of the presence of penicillin. 

Of course, the formation of the small colony variants indicates 
plainly that mutation takes place, but it does not tell us anything as 
to \yhether this mutation is independent of the penicillin. Small colony 
variants are also seen now and then in older cultures, but I have not 
been able in such cases to demonstrate any increased resistance. That 
this theory might be correct, however, is suggested by the circum- 
stance that strains which otherwise readily develop a marked degree 
of resistance may now and then be very difficult or impossible to 
render resistant. This was seen, for instance, in the case of one strain 
which with the agar cup method now and then was found not to 
develop the opaque zone of relative inhibition that — according to 
Vesterdal — probably appears through mutation. 

The question whether acquired penicillin resistance is a phen- 
omenon of clinical importance has been estimated very differently. 
From the results of their experimental investigations, most authors 
have been inclined to look upon a possible development of resistance 
under penicillin treatment as being of no significance whatever, partly 
because the development of such resistance always was found to be 
accompanied by a loss of virulence, partly because the resistance in 
some cases is unstable — something that has been reported to apply 
not only to staphylococci but also to streptococci. My own studies 
have shown that it is quite practicable with pneumococci to obtain 
a fairly great increase in the penicillin resistance without their 
virulence being lost, and thus we cannot refute the possibility of a 
development of resistance under iienicillin treatment. But, as far as 
I know, this possibility has never been seen to materialize — perhaps, 
in view of previous experiences with the sulfonamide therapy — 


because the doses of penicillin employed have always been large. 

Several reports have been published, however, on the development 
of penicillin resistance under treatment of staphylococcal infections, 
in particular osteomyelitis. But the penicillin-resistant strains ap- 
pearing under such treatment are found to produce penicillinase — 
something that never is seen in strains that are rendered resistant in 
vitro. Now, as is well known, some staphylococcus strains are found 
to he primarily resistant just because they form penicillinase. So to 
me it seems not improbable that in the cases where a resistance has 
been described to develop under the treatment of staphyloccal infec- 
tion this may have been due either to a secondary infection with such 
primarily resistant strains or to an initial mixed infection. Indeed, the 
appearance of penicillin-resistant bacteria during the treatment is no 
uncommon phenomenon, as secondary infection for instance vi i 
Ps. pyocyaneus or E. coli — is often encountered. 

So, I think, the greatest danger lies in the possibility of a gradually 
increasing tendency of primarily resistant strains just as is seen, 
for instance, in the sulfonamide treatment of gonorrhea. 
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LITERATURE. 

Tcstcrdal, Jorgcii: lylaaling og staiiclarcliscring af penicillin, 


Coponliagcn 1017. 


DISCUSSION. 


L O Borgen; I have been very inlercstcd in hearing Dr. Erilcscii s 
paper, and I ^vish to make use of this occasion lo seek an answer to 
a question which the clinicians often ask us laboratory workers when 
w'e find and report an otherwise penicillin-sensitive microbe as peni- 
cillin-resistant. , 

The question is: May it be of any use to employ pcmcillm in such 


U ; 1 TT • I 1 

Here I have in mind our experiences from Ihc Ulicvaal Hospual as 
far as staphj’lococci arc concerned. A material from our laboratory 
contained about 10—12 % primarily resistant strains of Staph, aureus 
showing a variable, tbougb always higb, degree of resistance, i. c., 
from 800 to 500 penicillin units per ml. brotb. 

What advice are we to give the clinicians in such cases? 

Even though these strains produce penicillinase in vitro, may it 
not prove profitable anyhow to try penicillin therapy? 


0. SiEVERS: In a case of acute osteomyelitis, Staph, aureus was 
obtained in pure culture. From the primary blood plate, showing only 
one kind of staph, aureus colonies, 30 colonics were jiickcd out for 
further cultivations. Each of the resulting pure cultures was tested 
separately with penicillin. In 10 % the bacteria (3 colonics) were quite 
resistant, while the remaining showed sensitiveness as the control 
strain obtained from Fleming. After treatment of the patient with 
penicillin, a repealed examination showed exclusively resistant strains 
of Staph, aureus. 


K. R. Eriksen: As is well known the pcnicillin-resislanl staphylo- 
cocci are resistant only on behalf of their production of penicillinase; 
in reality they are just as sensitive as ordinary sensitive strains. Just 
the same phenomenon is known for the anthrax bacillus and infec- 
tions with anthrax have successfully been treated with penicillin. 
Therefore, I suppose that the failure of penicillin therapy often ob- 
served in osteomyelitis may not be due to the »])cniciiru/rcsislancc<c 
of the infecting organism but to some other factor. Tlic occurrence 
of persisters presumably is not a significant factor as pcrsislcrs in 
vitro are gradually lysed by penicillin. Perhaps the most important 
actor IS the impermeability for penicillin of the affected tissues in 
osteomyelitic processes. 


O. SiEVERs: In his mention of severe cases of oslcoinvelilis Dr 
iksen calls attention to the hindrance to the penicillin effect whicl 
the l,ssnc, „,aj. etfccluatc Ihrougl, their in'ponneabilily l„ 
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connection, I think, it will be appropriate to mention a case of osteo- 
myelitis treated by Dr. Levin in Gothenburg, in which the penicillin 
therapy was combined with dicoumarin (AP). So far, this treatment 
appears to have given a favorable result. The staphylococci in ques- 
tion were not affected in vitro by penicillin or dicoumarin (AP), nor 
by a mixture of the two remedies. 



pnoil Tim BEPAKTMENT of MEDICAl TUBEPCUIOSIS. 

Tim STATE STOO;^ 


THE BACTERIOLOGICAL ORIGIN OF A SPREADING 
FACTOR PRESENT IN THE NASAL SECRETION*) 

By S. ncroqvist and Th. PachaUn. 

In 1928, Duran-Rcynals demonslraled that llic spreading of infec- 
tious agents in the skin is considerably increased if they arc injected 
together Avith testicular extract (5, 6). Later he showed that extracts 
of many other organs had a similar spreading effect. Moreover, it was 
found that such spreading factors arc also produced by certain bac- 
teria (staphylococci, streptococci and pneumococci, Cl. wclcbii, etc.), 
and occur in the venom of snakes and insects. For literature on this 
subject, the Avriters refer to Duran-Rcynals’ monograph in the Had. 
Rev. 1942 (7). 

The spreading factors arc, as a rule, enzymes — hyaluronidascs — 
Avhich hydrolyse hyaluronic acid. This latter substrate is present, 
inter alia, in the ground substance of Ibe connccliAc tissue, and in 
the capsules of certain bacteria, c. g. streptococci (11). It is present in 
particularly large quantities in the A'itrcous humour and the \imbilical 
cord, and is usually prepared from the latter. The acid, Avbich forms 
highly A'iscous solutions, belongs to the group of mucopolysaccharides, 
AA’hich have been thoroughly studied in SAA'cdcn bv Rlix and co-AA-orkers 
(3,9). 

The hyaluronidase activity can be measured by viscosimclry, or 
determination of the amount of glycuronic acid and N-acetyl gluco- 
samine formed by the hydrolysis of the hyaluronic acid, or by the 
so-called mucin-clot prevention test (M. C. P.), in Avhich the capacity 
of the mucopolysaccharide for forming a tyjiical "mucin clot” on the 
addition of acetic acid is titrated. 

In the 3 'ears immediately' after Duran-Rcynals’ discovery', numerous 
investigations concerning the occurrence of spreading factors in nature 
Avere made. Hanger observed in 1931 (8) a spreading effect in a great 
number of nasal Avashings from persons Avith acute coryza, but not 
infrequently in AA-ashings from healthy persons, too. He associated 

) Aided by grants from the SAvedisli National Association against Tuber- 
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the presence of the spreading factor on the nasal mucosa with a fillrahlp 
agent isolated by Dochez and co-workers in 1931 (4) which, inoculated 
into human beings, caused coryza. He was, however, unable to de 
monstrate any spreading effect in tissue cultures harbouring this 
agent. Hanger did not enter into further discussions concerning the 
origin of the spreading factor in the nasal mucosa, and no investigation 
of this problem appears to have been carried out later. 


During the work which has been carried out at St. Goran’s Hospital, 
at the instigation of Westergren, in order to study the significance 
of multiple infections in tuberculosis, attention has also been paid 
to the spreading factors (2, 12). Hanger’s observation caused an in- 
vestigation to be made to determine, whether the spreading factors 
in the nasal washings could he related to the occurrence of hyaluroni- 
dase-producing bacteria in the nose. 

Methods: Swabs w'ere taken from the nose of a number of persons, 
and at the same time nasal washings were performed with approx- 
imately 15 ml. sterile broth. Eighteen-hours cultures of the coaguiase- 
positive staphylococci isolated from the nose were examined with the 
mucin-clot prevention test for hyaluronidase activity. The nasal wash- 
ings xvere immediately Seitz-filtered, and concentrated by freeze drying 
to approximately one-fifth of the volume, and 0.8 ml. of the concentrate 
was injected, together with an indicator, into the shaved skin of a 
rabbit. The indicator consisted of a mixture of 0.1 ml. haemoglobin 
solution (washed sheep blood corpuscles, haemolysed by freezing and 
diluted to double the volume with physiological saline solution) and 
0.1 ml. 4-days Dubos’ culture of the H 37 strain of tubercle bacillus. 
Each rabbit got four washings in a roxv on one’ side, whilst on the 
other side four controls were placed at corresponding sites. These 
controls consisted of the indicators mixed with sterile plain broth, 
which had been concentrated to one-fifth of the x'olume. The areas 
of the skin coloured brown by the haemoglobin xvere measured after 
approximately 18 hours, and the areas of the developing tuberculous 
cutaneous lesions after a further two weeks. Both these readings were 
in complete agreement. The difference between the areas obtained by 
the nasal washings and the control broth respectively was expressed 
as a percentage of the latter area. The results are seen in Table 1. 


In the table, the nasal washings are divided into a Staphylococcus 
aureus positive and negative group, respectively. It is seen that a 
nasal washings from staphylococcus carriers show a more or ess 
pronounced spreading effect, when compared with the controls, 
rough relationship between the degree of spreading and the amoun o 
staphylococci to (-j-)) on the nasal mucosa seems to exis . n 

those cases where Staphylococcus aureus was not found, no 
factor was, as a rule, seen in the nasal xvashings. In Case H lo 
was, hoxvever, a distinct spreading effect despite the fact la ly* 
luronidase-producing bacteria were not isolated. Bacteriologica « 
serological studies carried out by Adamson (1) and by the pres 
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^ Mucin-clot prcvcnlion titrc. 

- SoYcvnl oxporimonls. 

•'* IlynUii'oniclnso-iu'oclucing pneumococci almost in pure culture. 


writers (13) have shown that increases in the anlislapliylolysin litre, 
even when clinical symptoms of infection arc absent, are, as a rule, con- 
nected with a staphylococcal infection in the upper respiratory tract. 
From there the staphylococci easily spread to Ihc cervical and mediasti- 
nal lymph glands. In the patient in question the antistapUylolysin litre 
increased definitely during the observation period, thus indicating the 
presence of a staphylococcal infection somewhere within the organism. 
It is not improbable that staphylococci, although not found in the 
cultures, were nevertheless present in the nose or sinuses. This would 
explain the presence of hyaluronidase in the nasal secretion. 

In another case, H 28, there was also a considerable spreading 
effect, although no staphylococci were seen in the culture. Here, how- 
ever, the cause of the spreading effect was apparently the presence, 
almost in pure culture, of pneumococci which were very strong 
hyaluronidase-produccrs. The patient was suffering from coryza. 

However, other cases which had coryza, hut no staphylococci or 
pneumococci on the nasal mucosa, were without any spreading effect 
whatsoever. 

Repealed tests made on a few persons revealed that, as soon as the 

Act.1 path. Vol. XXV, 1 — ^2 
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Staphylococcus aureus disappeared from the nose, the spreading cf 
feet .of the nasal washings was also lost. Indeed, the connexion between 
the spreading factor in the nasal secretion and the hyaluroiiidase- 
producing bacteria in the nose seemed to be a very close one. 

The results of investigations published recently by Hechter (10) 
indicate that the spreading factor has no effect, when applied external- 
ly to the skin or mucosa, in other words, as long as no increase of 
interstitial pressure in the tissues is brought about, as is the case 
when a fluid is injected. It can thus scarcely have any significance for 
the spreading of bacterial infections along the mucosa of the respira- 
tory tract. If, however, the hyaluronidase-producing bacteria penetrate 
into the tissues and give rise to inflammatory oedema with increased 
interstitial pressure in the tissues as a result, the enzyme in all pro- 
bability, will play a role in the further spread of the infection. It is 
likely that the spreading factor then supports the invasion of such 
concomitant bacteria, too, which do not themselves produce hyaluroni- 
dases. Certain investigations have already been carried out at St. 
Goran’s Hospital, in order to study in animals the possible influence 
of the spreading factor on tuberculous infection. Observations made 
hitherto appear to indicate that an experimental infection with tubercle 
bacilli, together with hyaluronidase-producing bacteria, results in a 
more rapidly progressing tuberculosis than such an infection together 
with bacteria not possessing this property. 


Summary. 

The presence of spreading factors in the nasal secretion is in- 
timately connected with the occurrence of hyaluronidase-producing 
bacteria on the nasal mucosa. As a rule, these arc coagulase-positive 
pathogenic staphylococci, exceptionally pneumococci. The significance 
of a more or less permanent existence of bacterial spreading factors 
in the upper respiratory tract is discussed in relation to the invasion 
and spreading of other infectious agents. 
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NON-SPECIFIC ANTISTREPTOLYSIN REACTIONS AND 
SERUM (OR PLEURAL-EXUDATE) CHOLESTEROL 

By Thorolf Pachaldn. 

Strong increases in anlislreplolj’sin litre, AST, imicpcndenl of spe- 
cific stimuli occur (1) in sera (and pleural exudates) conlaininaled 
Avilh certain bacteria, or (2) treated with acid or alkali, (3) in tnosl 
hepatitis sera, and (i) in pleural exudates of some duration. 

The non-specific nature of these rises was confirmed by the non- 
absorbability of the inhibitory factor with specific streptolysin, ami 
the blocking of the inhibition by precursory adsorption of streptolysin 
to the red cells at 0“ C. 

In electrophoretic separation experiments the inhibitory factor was 
found to remain chiefly in the fy- and a-globulin fractions, j. c., just 
those fractions in which the scrum cholesterol accumulates, whereas 
the antibodies are found in the y-glohulin fraction. 

Lipid extraction of sera and exudates abolished non-specific AST 
reactions in them, and rendered them simultaneously unable to re- 
spond with a rise in AST to bacterial contamination or treatment with 
acid or alkali. Specific antistreptolysin, on the other hand, remained 
unaffected by this procedure. 

It has not been possible to prove, by cholesterol analyses, that an 
increase of “free”, i. c. not cstcrificd cholesterol — as seen in hepatitis 
sera — should be considered the consistent explanation of most non- 
specific rises in AST. However, the hydrolysis of ester cholesterol 
may play some part in the origination. 

It is suggested that the primary mechanism of the non-specific 
AST reactions is a breaking up of the lipoprotein complexes, in which 
the serum lipids are supposed to occur. The uncovered active OH 
groups of the freed cholesterol combine with the streptolysin mole- 
cules, thus preventing them from attacking the red cells. The breaking- 
up process nnp- be brought about, inter alia, by the action of acid 

alkali, or bacterial enzymes, or enzymes liberated or activated 
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through the disintegration of liver cells in hepatitis, 
present in pleural exudates of some duration 


or ■ leukocytes 


Attention is called to the possibility of using the AST reaction as 
a sensitive biological indicator for free cholesterol. 

A detailed report will be published elsewhere. 


DISCUSSION 

O. SiEVERS: Anybody who has performed an AST determination 
knows that icteric sera often are not readable. In order to throw some 
light on this question it will be appropriate here to give the outcome 
of an examination of 108 sera from patients with some liver lesion. 
Twmlve of these sera showed normal values, AST could be read as 
usual, and the number of units per ml. was not too high. Whether 
the patients recently — or at the taking of the blood sample — pos- 
sibly may have had a streptococcus infection is not known; nor is 
this of any importance wdien it comes to answer the question whether 
there be any parallelism between the difficulty in reading AST (or 
abnormally high values) and the results obtained wdth the following 
chemical reactions; Meulengracht, serum phosphatase, serum citric 
acid, and thymol flocculation. In the 96 cases where some of the 
performed reactions gave increased values, the AST values varied 
greatly. Besides entirely normal values, several cases showed so strong 
reactions (8000 — > 30,000 units/ml.) that the results could not be 
accepted even though they were obtained again on repeated examina- 
tion. In other cases the results %vere unreadable because no definite 
limit could be established for the hemolysis. 

No correlation w'as found between high AST values and high 
values for serum citric acid or serum phosphatase. In contrast hereto, 
high values for Meulengracht and for thymol flocculation were often 
found together with abnormally high or unreadable AST values. Sera 
wdth high Meulengracht values might sometimes give acceptable values 
for AST, but — with Uvo exceptions — only provided that the thymol 
flocculation at the same time gave normal values. On the other hand, 
a high value for thymol flocculation is not enough to interfere with 
AST — which requires that the serum at the same time contains bile 
pigment, Meulengracht preferably 30 or higher. The above-mentioned 
exceptions show, howmver, that in the serum there is bound to be 
some other, hitherto unknowm, factor that may influence AST. 
course, the chemical examinations mentioned are not to be perfornie 
on every serum. But, if AST gives too high values, the causes lere 
discussed should be looked into. 

Westergren: I ivish to compliment Mr. Packalen on his brilliant 
and systematic investigations, w'hich perhaps may prove to e o 
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more comprehensive interest than merely as a theoretical explanation 
of a serological phenomenon. But chiefly I have asked permission to 
speak on account of some remarks made hy Mr. Sievers aliout 
clinical aspects of a non-specific high AST in cases of jaundice. 

I have long been interested in the problem of the livei functio , 
and I have tried to find some connection between these questions. - 
Concerning the difficult liver functional tests, only the Takata reac- 
tion appears to have some relation to AST. Icteric sera need not neces- 
sarily give a non-specific increased AST, even though exceptions are 
uncommon. Even more rare is a non-specific increased AST in disease 
of the liver without icterus — the so-called hepatitis sine ictero — of 
which I have observed at least one case. Further, as just mentioned by 
Mr. Kalhak, it may occur in nephrosis, hut I wish to emphasize that 
there are cases of nephrosis without any such increase in AST. 


In addition, it should he pointed out that this phenomenon may he 
of interest also in pleurisy. But the non-specific increased AST in pleu- 
ritic exudates probably is still more closely related to the age of the 
pleurisy than was ewdent from the picture just shown by Mr. Packa- 
len. In particular, it is to be emphasized that the exudate in entirely 
acute pleurisy appears not to show this reaction, which seems to ap- 
pear after about one month. In cases showing such a non-specific 
increase in AST at an earlier stage, evidence can verj' often be obtained 
to the effect that the pleurisy must be assumed to he older than it first 
looked clinically. 

To me it seems rather likelj' that in pleurisy as well as in diseases 
of the liver this non-specific rise in AST may to some degree be con- 
nected with the prognosis of the disease — especially in that a low' 
increase, or no rise at all, is found exclusively in cases taking a 
favourable course. 


As to an explanation of the phenomenon, I wish to emphasize 
the relation to cholesterol pointed out by Mr. Packalen, but also that 
there is no direct relation to any now' definable form of cholesterol. 


0. Sievers: In reply to Dr. Westergren’s remark about »unspecific<!: 
AST values being obtained together with a positive Takata reaction, 
I wish to point out that the outcome of the Takata reaction is not 
recorded in my tables because this reaction w'as not performed on 
all the sera. However, »unspecific« AST values have been obtained 
with Takata-posihve as w'ell as Takata-negative sera. 

Ivalbak: Studies on the unspecific reactions are of importance 

'cerSnTrp^cts of studies it may be possible to clear up 

tain aspects of the very nature of hemolvsis itself T hnlH ^ 

content of the serum probably plays a certain role 
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m the so-called unspecific reactions. Serum from patients n- ,, 
serum cholesterol (e. g., parenchymatous liver lesions, genuine nephro 
SIS, and other diseases with lipemia) (for instance, SimLnds’ disie) 
gives such characteristic reactions, which differ quite distinctly from 
»normal« reactions by having a low hemolysis curve — in contrast to 
the normal reactions, for which the hemolysis curve is rather abrupt. 
Thus, in practice, distinction can be made at once between an ab- 
normal reaction with high »unspecific« AST and a true increased 
AST. So the clinicians need not be afraid of any mistake on the part 
of the laboratory. We may reckon, I think, that about % of all 
reactions turn out to he such abnormal reactions, and in the »Stale 
Serum Institute« we designate them as »non-readable«. 


Presumably such a reaction involves an inhibition of hemolysis, 
and apparantly the cholesterol content plays a certain role in its 
production, but the mechanism of it is still obscure. As already 
pointed out, it is highly important to get this mechanism cleared 
up, for then presumably we shall attain a better understanding of the 
nature of the reaction itself. 


T. PacivALEn: Dr. Sievers made a comparison between the anti- 
streptolysin titers in hepatitis sera and the outcome of certain func- 
tional liver tests, including Meulengracht’s reaction, on which account 
I find it appropriate to present an additional table. From this it is 
evident, while the increased titers in some hepatitis sera appear to be 
of entirely non-specific nature (no absorption with active streptolysin; 
total blocking of the inhibition by precursory adsorption of streptolysin 
to the red blood cells at 0® C) the increased titers in other cases appear 
in part to be elicited by specific antibodies (the inhibition is reduced 
in part after specific absorption; it cannot be eliminated completely 
by preceding adsorption to the red blood cells). The existence of a 
specific antistreptolysin component in these sera is further confirmed 
by the observation that in these cases the titers were found to have 
been increased before or after the hepatitis. Tlie irregularities in the 
correlation between the rise in AST and the increase in the Meulen- 
gracht values which Dr. Sievers had in his diagram, and which Dr. 
Westergren also had observed a few times may be explained by the 
occurrence of such combined specific and non-specific increases m 
titer. On the other hand I am fully convinced that the non-specificify 
of hepatitis sera is not induced directly by the changes in the serum 
that give rise to the increased Meulengracht values. The latter changes 
run parallel — though exceptions do occur — with the breakdown 
of the lipoprotein complex which, in my opinion, is the underlying 
cause of the increase in AST in hepatitis serum. 

I fully agree wdth Dr. Kalbak that the non-specific AST reac ions 
described and studied by me do not disturb the routine AST determina 
tions in any degree worth mentioning. But we have to keep m mm 
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that no particular diagnostic significance may l)c assigned to increased 
AST values in hepatitis sera if we fail by the aid of special examina- 
tions to decide when they are specific, when non-specific. 

As already pointed out hj’ Dr. Wcslergren, a high ASl in a pic- 
suniahly fresh i^leural exudate is reason enough to make further in- 
quiry as to the age of the pleurisy. 

As to the question raised hy Dr. Lofgren — why only certain 
bacteria give rise to non-specific AST in sera — I am not able ycl to 
give an adequate answer based on actual experimental studies. It 
looks, however — as alreadj’ touched u])on hy Todd — as if it were 
primarily a matter of bacteria capable of producing plenty of proteoly- 
tic enzjTucs when such non-specific increases in AST occur. The en- 
zymatic breakdown of the protein component should then bring about 
the decomposition of the lipoprotein complex which I assume lo give 
rise to the increase in AST. 

Finally, as to the question whclher the rise in AST produced 
by bacteria might not have somelhing lo do wilh their respiratory 
ferments, I merely wish lo mention lhal I too have considered Ibis 
possibility. But, for various reasons, it has been refuted. The absence 
of any increase in titer when the sera before infection arc lipoid- 
extracted would he difficult to explain if the cause of the increased 
titer was to he looked for in an inactivation of the streptolysin rcsull- 
ing from oxj’dising processes of the bacteria, or in changes in the 
redox potential produced hy them. Besides the magnitude of Ihc 
latter is all too slight for the production of such increases in AST 
as we are dealing with here. 


FROM THE BACTERIOLOGICAL INSTITUTE UNIVEB^ttv nr. t 
SWEDEN. (CHIEF: PROFESSOR ARyfnSJm 


ON THE OCCURRENCE OF ANTISTREPTOGOCCAL 0 
AGGLUTININS IN THE SERUM OF PATIENTS WITH 
ACUTE OR CHRONIC POLYARTHRITIS 

By Karl Emil Timlin. 

Attempts have been made to demonstrate specific antibodies against 
streptococcal antigens in various diseases. 

Thus Cecil, NichoIIs and Stainsby in 1931 observed that sera from 
patients suffering from chronic polyarthritis agglutinated streptococci. 
Later Dawson, Olmstead and Boots were able in extensive studies to 
verify these results and show that it was the beta-haemolytic strepto- 
cocci that were agglutinated by these sera. 

They used living bacteria belonging to the A group, incubated for 
a short time. In 1936 Dawson found positive reactions in 51 % of 
cases of chronic polyarthritis. 

Using a slight modification of Dawson’s technique, Kalbak in 1946 
demonstrated positive agglutination reactions with living human-pa- 
thogenic streptococci in 76 % of patients suffering from chronic poly- 
arthritis but in only 10 % of cases of rheumatic fever. The control 
material showed only 1.5 % positive agglutination reactions. 

These streptococcal agglutinations, demonstrated by Dawson et al. 
and, lately, by Kalbak are likely caused by an antibody against a 
surface antigen, which chiefly appears in chronic cases, and the nature 
of which has not been established. 

The chief difficulty in these reactions is to obtain antigens that 
do not show spontaneous agglutination. 

By using precipitation tests, Rebecca Lancefield overcame the di - 
ficulties arising from spontaneous agglutination and in this way she 
laid a solid serological foundation for classification of the bacteria 
belonging to the streptococcus group. 

But the antigens obtained in this way cannot be employed for ag- 
glutination tests, and obviously agglutination reactions are simp er 

reactions than precipitation reactions. 

The experiments on which this paper is based, therefore, ivere car^ 
ried out with a view to this question: Is it possible in principle to app 5 
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Ihc same anlit'cnic slruclurc lo Ihc haclcrin of Ihc slroploeocrus proui 
as has been ^vorkccl out by Kauffman-Wbile for fbc Salmonella Kroup. 

From this slarlinf; poinl cxpcrimcnls have been earned onl lo 
cslablisb an antigenic sclicma in whieb, esiiccially, Ibc condtlions in 
the serology of llic colon group have served as guiding principles 


(cf. Vablnc lfl-15). . . . 

As lime docs not permit any Iborougli review of Ibis anligenie 
schema, only the various antigenic components will here be outlined 
briefly as a basis for the following aecount. 

Nor will any detailed comparison be made between Ibe findings 
lo be reported liere and Ibe I.anceficld antigenic sebema. 

For the sake of illustration, tlie present antigenic structural schema 
may conveniently be presented in this way. 



copsubr svtjjloncf •liyalurt'ilc oelJ. 
y-ant(<jM >■ swjocc ont/qcn. 

K*Onll<]Cn prcVot>ty 

lype ipccijic, cops^>!o^ ontiqrn. 

O'Ontiqcn » Somotic onttqfn. 

VUj. (. 

Y antigen: Kalbak’s antigen for agglutinative reactions in clironic 
polyarthritis. 

K antigen: 0 agglutinalion*inbibiting, jirobably type sj'ccific, antigen 
occurring in virulent streptococcus strains imtbogcnic. to 
man. 

0 antigen or somatic antigen. 

Capsular substance = hyaluronic acid. 

These antigens are obtained as follows: 

1 (iniiricn, through cultivation in pejitone broth ad modnm Dawson- 

Kalbak. 

h (mhfjen, through decomposition of the capsule with bvaluroniibise 
prepared from testicular extract. 

0 anlu/cn, through growing Ibe strain in placenta broth for l(i hours 
then autoclaving for 2 hours at 

C„ps„l„r jvlll, pr„l,lc.„alic anIiBc.i; . i.anu-lor, in 11,0 n„„, 

Of well-developed capsules after one or more mouse pas- 
sages, until mucoid growth apiiears on 5 c' ascites or It) - 
l.or» .en„„ piaic aHor iacba.i,,,, a, .'It' r,'.', 

Oanliecl '^■'IH’iiiaeals will, n,,. 
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On autoclaving of the bacterial cultures at 120'> for 2 hours — aftor 
t le method employed by Vahlne in his serological studies on the colon 
group — a streptococcal antigen is obtained that has no tendency to 
spontaneous agglutination. Immunization of rabbits with this antigen 
gives specific sera with titers from 1: 640 to 1: 5120. ^ 

The O antigens thus obtained are partly identical with Lancefields 
group substance antigen. By means of O absorptions after Castellani, 
these O antigens can be shown to be composed of different partial 
antigens. Thus, within the human-pathogenic group A streptococcus 
strains may be demonstrated yvith various combinations of partial an- 
tigens (the partial antigens are recorded in Roman figures) as for 
instance: 

A 1 = I, V, XI; A = I ?; St. 31 = III, V, 

where I is common to strains belonging to group A, V to group C, III 
common to certain strains of group D, and XI to certain strains of 
group L. 

The question then arises: Is it possible to demonstrate antibodies 
aimed against these O antigens in patients with streptococcal lesions? 

Are such agglutinins encountered also in other diseases, especially 
• those which long have been looked upon as associated with strepto- 
coccal infection, e. g., acute and chronic polyarthritis' and nephritis? 
In order to elucidate these questions, a number of experiments have 
been carried out with the following technique. 

Preparation of antigen: 

After incubation of the placenta broth culture (Vahlne 1945), 
centrifuging and washing in phosphate buffer with pH 7.8. Then auto- 
claving at 120" for 2 hours. The autoclaved antigen is washed twice 
with the buffer and then diluted to a density corresponding to 1 E = 10’ 
bacteria per ml. The antigen is stored in refrigerator at + 4® for up to 
3 days, after which fresh antigen is prepared. 


Agglutination technique: 

Widal tubes with a diameter of 9 mm are used. 

Serum dilutions from 1: 20 to 1: 320 are made up, 0.2 ml of each 
dilution being placed in the respective tubes. Then 0.2 ml antigen is 
added to each tube, and — - after gentle shaking — the tubes are in- 
cubated in water-bath at 52" for 2 hours. The tubes are left standing 
in refrigerator -)-4» over night, and the results are read the following 

The highest serum dilution showing a positive agglutination wi 
5 >clearing« of the mixture gives the agglutinative titer of the seru 
in question. 

Two antigens belonging to group A have been employed. 
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Patient material. i 

The patient material here examined is divided into 4 gioiips. 

Group I Control material. 

Group II Acute streptococcal infections: Scarlatina. 


Group III Rheumatic fever. 
Group IV Chronic polyartliritis. 


Control material. 

The control material falls in two groups: 

One group comprises 158 Wasserman-negative sera from patients 
treated in the hospital for diseases other than polyarthritis and ne- 
phritis witliin the summer half-year of May — October. The other group 
comprises patients of the same category admitted to the hospital 
during the ivinter half-year of November — April. 

A survey of the results is given in Table 1. 


Titer 


•/« 


1^0 

'L 

% 

tfca 

% 

Total 
Ns. oj 
cascr. 

N 

■“i- 




Summer 

138 

15 

3 

1 

i 


%% 

158 

Vinter 

nd)-Y«or 

5^ 

25 

8 

2 

1 

lu 

8& 

SS 


Table 1. Normol serum controls. 

From Table 1 it will be noticed that, with the pathological tiler 
limit of 1 : 40, positive reactions were obtained in 3.2 % of the summer 
group, whereas the winter group gave positive reactions in 11.6 % of 
the cases. This is interpreted as signifying an increased number of 
streptococcal infections in the Avinlcr half-year. 

Group 11. 

In order to ascertain whether acute streptococcal infection may give 
rise to a demonstrable O agglutinin content of the serum, 20 scarfaUnal 
patients and 20 patients with acute tonsillitis were examined 2—3 
weeks after the onset of their illness. 

15 nr,-'' ^ scarlatinal patients and 

% the tonsillitis patients gave a negative reaction. The remaining 

Ser vlfrfi" 

Ct aSctoSl'”'"' >mcomplical=,l cases 

vanhUv maximum tiler value appears to be reached relalivclv 

“ ~ 

.) 1 , in exceptional cases, rather rapidl 3 '. 
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No.o| 
cases 

12 

W 

8 ^ 

t ’ 

^ r* 

2 

Titer /hb '/sb llw 

flcote tonsillitis. 20 cases. 

(2'3 weeks) 

Table 2. 

Tlius an agglutinating antibody is demonstrable also in acute cases 
of streptococcal infections. 

A similar course we also find for another acutely appearing strep- 
tococcal antibody, the antistreptolysin or AST, which was first de- 
monstrated by Todd in 1932. Many investigators in England, U. S. A. 
and Scandinavia have been able to verify that a rise in AST occurs 
in diseases caused by hemolytic streptococci after a certain latent pe- 
riod varying from 1 to 2 weeks. 

How do AST and the O agglutinins stand mutually? 

In order to elucidate this question, the AST and the 0 agglutination 
reaction in a number of cases of acute nephritis have been observed 
parallelly, but it is yet too early with certainty to say anything about 
their relations. 

Titer 



cases. 



ScoHotina. 20 cases. 
(2'3 weeks) 


Fi(j. 2 . Atjcjlvlitvitfon curves jrom uneomplicatcJ cases 
cj acute tonsillitis- 
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There seems, however, to be a certain correspondence in the titer 
course with partly parallel shifts in the antibodj^ titer. 

The time does not permit a further analysis of this parallellism, hut 
it is likely that the O agglutinins appear both in acute and chronic 
cases as distinguished from the AST, which as a rule only occurs in 
acute streptococcal diseases. 


Group III. 

This group comprises 28 patients who became ill with the clinical 
features of rheumatic fever. On an average, the agglutination tests 
were performed about 6 months after the onset; in 4 cases, however, 
after 3 months. 




coses. 



T able 3 shows the highest titer 
gens employed. Negative reactions 


values obtained with the two anti- 
were found in 3.5 % of the cases. 


Group IV. 


i his is the largest 
arlhrilis. 


group, comprising 189 


cases of chronic poly- 
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No.o} 

cases. 



Table*/. Chronic polyarthritis, I8S C03C5. 

This table gives a general survey of the results. It will be noticed 
that the tests were negative in 7.4 % of the cases, while in all the 
others they were positive, with titers varying from 1:40 to 1:S20 — 
i. e. 92.6 % positive reactions. A titer value of 1 : 160 or higher was 
obtained in about 60 % of the cases. 

Which are the relations between these agglutination reactions and 
the reactions with living antigens — by the author ealled Y antigen? 

This may he revealed by absorption experiments with autoclaved 
antigens, i. e., O antigens with various combinations of partial antigens. 


Antii^en 

Titer bejore 
obsorpvion. 

Tiler ojterofcs 

Titer o)lerobs 
O-onl-'E- 

y 

ItO 

ItO 

ILD 

0- ant 'I, Y, XI 

U 

0 

i^D 

0-orit=I5r. 

0 

0 

0 


Table 5. 

Ai](]lvt(fMtton reactions bcjorc and o]ter absorption 
expertnuenls vith O-ontiijeh^I.Y.SI, andU/rom 
onecose o[ chronic polyorthrit/s. 


This table shows agglutination reactions before and after absorp- 
tion with tw’o different strains, one from the A group with the partial 
antigens I, V, XI the other with the partial antigen IV, i. e., belonging 
to the Lancefield B group. 
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Before the nl)sorprK.n Ihe Y anliKen i)r<Mluced a lilor of 1: 

0 anli«ens I. V. XI also KU). while IV .lid not show aav 
ahsorplion wilh the O anlif^e.is I, V. XI. the ^ 

IGO, while Ihe O agf^Iulinins were ‘‘""'hlf ‘ ' j, 

wilh the O antigen IV. on Ihe .dher hand, did neillur .hang. 

reactions to the V antigen nor the O antigen. ..... , , 

rroin this we inav eonelude that the reactions with living strepto- 
coccal antigen ad inodinn Dawson-Kalhak and the autoclaved antigen 
are of different character. 

In cases of chronic i.olyarlhritis there are two kinds of anlih.nly 
against the hninan-iialhogeiiic streptocoeei, namely the Y agglnlimns 
and 0 agglutinins. 

In an.alogy wilh the Vi a.gglutinins in .Salmonella infections ^ ag- 
glutinins occur in the chronic eases, whereas O agglutinins are de- 
monslrahlo early in Ihe infection and remain as long as Ihe infection 
lasts. 


Diagnosis 

eq(]l. Costs 

poi. /•« 


. »»» rf 

Triol N» 
»I rtut 

Seorlotina ...... 

19 *957, 

1 

* 5'/. 

2.0 

Acute teniillitiS .... 

11 • 857. 

3 

' 157. 

10 

Rhfumetic jevtr 

27 ‘‘iU*; 

1 

• 5r'. 

2S 

Chronic polyarthritis. . . 

115 ' 92>-. 

19 

* 1.4 

189 

Nephritis, osvte 

A7 .92,'. 

9 

' 8 7. 

51 

Nfphrltll. chronic 

59. •95.:', 

3 

• A.r, 


Total: 

399*95:. 

21. 

« 1% 

370 


T.iMc fi. 


Thus, 03 Cc of the patients in the present material ga\e positive 
reactions wilh various diseases in which streptococci play or are 
assumed to play — a decisive role. 

Thus, 03 of the iiaticnls in the present material gave positive 
reactions. In contrast hereto, ahmit lU of the subjects in the normal 
material gave positive reactions. 

The present findings may be sunimari/..'d as follows: 


1. Ihrough application of experiene.'s from Ihe serology of the .Sal- 
monella and colon groujis, the I.ancefield antigenic schema may 
he further elaborated hy Ihe advaneeineiit of the Ihcorv: that llu' 
human-pathogenic ^-haemolytic streptococci possess ‘a somatic 
O antigen and a capsular K antigen that inhibit O agglutination. 

- By means of these O antigens of streptococci belonging to Ihe 
human-pathogenic group A it is possible to deinonslrale the pre- 

irilm i'Wlulinin . 
cocc nbv" suffering from diseases in which streplo- 

COCCI pl.ij — or arc assumed to jihiy -- a decisive role 
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3. 

4. 


Like the AST, these O agglutinins occur in acute cases but 
tiary to AST, also in chronic infections. ’ 

In cases of chronic polyarthritis hvo kinds of agglutinins aimpri 
against different antigens in the human-pathogenic streptococci can 
aLulTk!^^ ^ agglutinins in about 70 % and 0 agglutinins ‘in 


REFERENCES. . 

Dawson, M. H., Olmstead, M. & Bools, E. H.: Journ. of Immunol. 1932- 23- 187 
Kalbak, K.: Nord. Med. 1946: 36: 1997. ' 

Kauffmann, F.: Die Bakteriologie der Salmonella-Gruppe, Kopenhagen 19il 
Lancefield, B.: J. Exper. Med. 1933: 57: 571. 

Timlin, K. E. & Vahlne, G.: Acta pathologica et microbiologica Scand. 1946. 

Vol. XXIII. Fasc. 6. 

Tlmlm, K. E.: Nord. Med. 1947: 33: 508. 

— & Berglund, K.: Nord. iMed. 1947: 3i: 889. 

Vahlne, G.: Serological typing of the colon bacteria, Lund 1945. 


DISCUSSION 

H. Kalbak: Dr. Hedlund has tackled the task of elucidating the 
relation between the AST and the agglutinative titer. As far as I 
can see, he has arrived at the same result as I, namely: that the two 
reactions do not run parallel — as perhaps they might have been 
expected to do. Both reactions signify an infection with hemolytic 
streptococci, but at the same time either of them is an expression 
of its own differing mechanism of infection. AST illustrates the toxic 
function of the streptococcal infection, and it is due to the formation 
of antitoxic antibodies, whereas the agglutinative reaction merely signi- 
fies the presence of the streptococcal body (living or dead) in the 
organism, being thus entirely an antibacterial reaction. Therefore, the 
two reactions need not go together even though both are produced 
by the same bacteria. 

In the acute phase of the streptococcal disease it is especially the 
antistreptolysin reaction that turns out positive. If the infection 
persists, spreading in the organism, and if the disease takes a chronic 
form, especially through concomitant joint symptoms, the agglutin- 
ative reaction gradually becomes positive, at first quite weak (ag 
glutinative strength 1 in the first dilution) later it becomes stronger. 
On this point my experiences are in keeping with these reporte ) 
Edstrom and Winblad: probably it takes 2—4 months before the ag- 
glutinative reaction becomes demonstrable. At the same time, ese 
2 serum reactions throw an interesting light upon the connectio 
between rheumatic fever and rheumatoid arthritis. 

The studies reported by Dr. Thulin are of particular inteies . 
the State Serum Institute, Copenhagen, we have tried to repro ucc 
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findings, but I should not venture to say anything about this ^st ic^n 
before I am absolutely sure that the methods employed arc quite c 
sistant. I think, however, that gradually I am getting to realise t a 
Thulin and I are working with two different agglutinogens, hurthcr 
investigation will have to show which one is the more serviceable in 
practice. I should like to hear something ahout a correlation of the 
antistreptolysin reaction and Thulin’s agglutinin reaction. ^ ^ ^ 

According to the results reported here, Timlin’s reaction is positive 
also in acute streptococcal affections scarlet fever, and angina), 

whereas this is not the ease with the agglutinative reaction cmiiloycd 
by Hedlund and me. Furthermore, our reaction seems to keep positive 
longer than that of Timlin, which falls to negative values rather 
rapidly, apparently after treatment. I am cnclincd to think that 
there is far more direct agreement between the antistreptolysin reac- 


tion and Timlin’s agglutinative reaction, and 1 should like to suggest 
to Dr. Thulin to investigate this prohlcin even further. 


0. SiErans: In connection with Dr. llcdlund’s jiapcr on AST I 
should like to point out that the outcome of the reaction may vary in 
intensity depending on the age of the patient. I have examined Ml 
sera from patients with acute nephritis. Of this total. -It) sera came 
from adult patients, while 92 came from patients under IG years. 
The following results were obtained: 


AulistrcploUjsin tilcr/ml. 



0—200 

201—1000 

> 1000 

Total 

Acute cases 

18.4*) 

48.9 

32.G 

Ml 

Adults 

24.5 

50.9 

21.5 

49 

<16 yrs. 

15.2 

47.8 

36.9 

92 


It is a generally recognized fact that children and young ])crsons 
often react with a stronger antibody response than do adults and this 
appears to hold true also with regard to the response of the organism 
to streptococcal Ij’sin. That there is a difference between adults and 
cluldren m this respect is also evident from Kalbak’s studies on 
leal thy subjects. I think that the difference here observed between 
the result obtained for young and for normal individuals is to he 
interpreted as signifying a greater capacity of the younger organism 
for response to the irritation produced by the lysiii. 

was'^250o‘S7“I""i”’’.f'''’"‘’ P'‘licnls with acute nephritis 

as 2500 umts/inl. In the young the corresponding value was 7500 

pvnm n i- c^ceediiig 2500 units/ml. On repeated 

^ns 0 these young nephritic patients some showed values 


•) The figures give the percentage of the total number for each 

Acta path. Vol. XXV. 1—2 


series. 
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over 8000. In estimating such high values for the 
the age of the patient should always be taken into 


reaction, however, 
consideration. 


_ S. WmBLAn; In a fairly large material of agglutination tests posi- 
tive reactions were found preponderantly only in rheumatic affec- 
tions. Tlie rnemod employed in the Malmo Laboratory has been quite 
in keeping with Kalbak’s method,’ and thus it involves a test for 
»sUTface antigen« of hemolytic streptococci. This material originates 
front two large rheumatic hospitals and from two ihedical clinics 
At the last tabulation, of 467 cases of rheumatoid arthritis 65.1 % 
were positive (titer of 1; 40 or higher). These figures are somewhat 
lotver than given before, but naturally diagnostic variations are con- 
ceivable. Tlie absolute value is not of decisive importance, however, 
as this very well may increase with a more elaborate technique. But 
the fact that this agglutination occurs mostly in rheumatoid arthritis 
is of significance, especially theoretical. 

In 129 cases of rheumatic fever 41.1 % were found to give a posi- 
tive agglutination reaction, 58.9 % negative. Besides recent cases of 
rheumatic fever, however, this material includes also more advanced 
cases, and no surface agglutination occurs among the recent cases — 
in contrast to the 0 agglutination, which seems to appear earlier. 

It is of some interest, however, that the agglutination titer in some 
degree tends to run parallel with the sedimentation rate — as illus- 
trated in Table 1, 


Table i. 


Agghilinalion 

0—20 

Sedimenlalion rale 

21—50 >50/min/hour 

Negative 

51 

27 

12 

1/20—1/80 

35 

32 

17 

1/60—1/640 

24 

38 

33 


In rheumatic fever, as already mentioned, the agglutination titer 
turns out positive, or increases during the period following the acute 
stage I have had occasion previously to demonstrate such cases, anc 
later I have repeatedly been able in the subsequent course ot ttic 
disease to observe this appearance of the agglutination, which vms 
absent at the acute stage of the disease, when the antistrepto y 
titer was positive. Table 2 illustrates this distribution of o“ur- 
rence of agglutination among recent and more protracted c. 
rheumatic fever. 


Time after onset 

Table 2. 

of rheumatic fever 

Neg. 

1 — 3 months 

36 

4—6 » 

24 

■ 7—10 » 

12 


Agglutination 

1/20 1/40 or more 

7 8 

4 13 

3 17 
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-It is to be empbasized that many cases of rliciimalic fever sbo\ 
no positive agglulinalion whatever even Ibongb the fliscasc lakes a 
protracted course. In the cases acquiring a positive agglulinalion, io%\- 
cver it usually appears after the third month of illness. 

Naturally it is difficult to say why here we are faced by an anti- 
body that appears late and in markedly chronic cases, kly previous 
opinion — that this would he a question of a necessarily very pro- 
tracted contact hetween haclcrium and tissue — may hardly he cor- 
rect. It seems more likely to involve an antigen that is not acce.ssihle 
ill tire fresh and toxic state of the bacterium, and which manifests 
itself in this way only when the hacteriiim has been under the in- 
fluence of some agency. Possibly further antigenic studies may offer 
an adequate explanation. 


T. PacIwVLEn; It would he interesting to learn whether Dr. Timlin 
in the patient sera which agglutinated antigen A, (I, V, XII) hut not 
A (I ) had tried if the agglutination effect remained after absorp- 

tion with the latter antigen. According to the antigenic schema, no 
absorption should lake place in these sera. 

Further, I should like to ask: Has there been any scrum at all 
that reacted with A hut not with Aj? 

Finally, I am somewhat surprised at the rapidity with which the 
agglutinative tiler has increased in several of the cases of acute tonsil- 
litis — judging from the diagram, as early as on the third or fourth 
day after the onset of illness. 

The interesting observation reported by Dr. Winhlad — about the 
agglutinative titer rising with increasing sedimentation rale — gives 
rise to the question, whether perhaps not the same, entirely unspecific, 
change in the scrum that give rise to the increased tendency to ag- 
gregation of the red blood cells — as manifest in the increased sedi- 


mentation rale — might not also increase the tendency of the strepto- 
cocci constituting the antigen employed to agglutination under the 
influence of specific antibodies — and thus increase the tiler. 

K. E. Thulw: The reactions in acute tonsillitis show, I think, that 
here we meet with an acute antibody that appears relatively early 
in the course of the disease. Among the four cases, in one the ag- 
glutination took place immediately at the onset of illness, in two on 
the sixth day of illness, and in one about two weeks after the onset 

The relatively early attainment of such high liter values mav 
perhaps m part he attrihutahle to the common occurrence of strepto- 
coccal infection. Presumably repealed attacks of tonsillitis may perma- 
nently stimulate the antibody formation, so that in certain cases an* 
increased tiler may be expected relatively early in the course of the 

months. Somclhmg similar a, .plies also to the antistreptolysin reac' 
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tions, and hence it may be of interest to compare the AST values snH 
the O. agglutinin values. 

In order to throw some additional light on this question, at present 
some investigations into this matter are being carried out in collabora- 
tion with Dr. K&re Berglund, Military Hospital, Stockholm. In cases 
of acute nephritis, AST determinations are made parallel with strepto- 
coccal O agglutinations. From the material collected so far — about 
20 cases of acute nephritis — it looks as if-there is a distinct connec- 
tion between the two antibodies concerned, with partly parallel shifts 
in the antibody titers. 

In contrast to AST, however, the O agglutinin content remains 
constant on the transition from acute to chronic nephritis. 

The divergence of reactions between antigens Aj and A was seen 
in 5 cases; 4 cases gave a positive reaction only with antigen Aj, one 
positive with antigen A. > 

Of course. Professor Packalen is right in pointing out that, as an- 
tigens Aj and A both contain partial antigen I, while Aj also contains 
V and XI, the reaction ought to be obtained with partial antigen V 
or XI in sera that are positive only on agglutination with antigen 
Aj. Indeed, some of these sera have been found to agglutinate partial 
antigen V to a titer of 1 ; 40, but this titer is all too low to allow of 
any definite conclusions. Experiments on this question are being 
continued, however, so that perhaps it may be elucidated better. 



,„0.„ rnr. .T-vs-or.o^-c,. vr:,ynm,ry. 


EXPERIMENTS ON ACTIVE AND PASSIVE 
PERMEABILITY OF BACILLUS 
COLI COMMUNIS") 

Hy Sorcu L. Orshov. 

(ncccivcd for luililicnlion Atipiisl 

Very lilllc is known of the jicrmeahilily of harterin with the ex- 
ception of Ilofnuiiin and /fn/i/o/n/’s cxjH'riincnls (IttU.)) on liepuiatoa 
mirabilis. These hactoria cannot he plasinolysed in iiypt'rtonic solu- 
tions. 

Fisher (1801) invesli{;aU'd the permeability of different bacteria 
by following the disapiicarancc of plnsmotysis in hyperionic, solvitions. 
Some substances jicrmcatcd so fast, that deplasmolysis ecuild not he 
followed. 

Three methods Iiavc been used in iny experiments in order to 
follow the plasmolysis and dci)lasmolysis in hypertonic solutions. 

1) Ordinary cover-sl ip-slide preparations from the s\ispensions of 
the bacilli. 

2) An apparatus for continued examination of s\ispcnsions which 
is demonstrated at this congress. (Orshov 10-17.) 

3) A photoelectric method, published 103a, (Orshw 103.a’ and 
Orshov and McUlohl 10-10) which 1 have used to examirie the 
permeahility of red blood cells and yeast cells (lO-lO), Tiie prin- 
ciple of the method is that bacteria, which are plasinolysed show 
a decreased transluminahility. 

I shall begin my report by giving some figures from potassium 
analyses on coli bacilli, wbich had been placed in a hvpertonic sodium 
chloride solution. 

bacilh were cultivated in pcptonc-bmiiilon for 20 hours 
Oxfir'intr'' Phy.siologicnl Conpre.^s. 

path. Vol. XXV. 3. 
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at 370 and then centrifuged at 3000 revolutions per minute after which 
the bacilh were suspended in a little of the. culture, so that the sus- 
pension contained about 10 vol. % bacilli, ascertained by centrifuca 
tion in haemotocrit tubes at 10.000 revolutions per min for 10 
minutes. 

1.5 cc of the suspension was then mixed with the same volume of 
0.9 % NaCl as a control and other samples with 3.04 % NaCl, so that 
the osmotic pressure here was doubled. 

After the lapse of various times these samples were centrifuged by 
10.000 revolutions per minute for 10 minutes, the supernatant fluid 
was sucked away, the glasses twice cautiously filled with distilled 
Avater, Avhich was afterwards removed. Then the bacilli were trans- 
ferred to crucibles, ashed, and the potassium determined. 

As seen from table 1 potassium of the bacilli in the hypertonic so- 
lution is increased 31 — 68 %. 

The concentration of potassium in the extracellular fluid is about 
50 mg %, the concentration in the bacilli about 400 mg % so that the 
absorption of potassium undoubtedly involves an active process. The 
volume of the cells measured by haematocrit determinations is but 
little reduced in hypertonic solutions. By microscopic determinations 
you will find that the bacilli in the hypertonic solution at first show 
a pronounced plasmolysis, which after a few minutes decreases, but 
in most cells some plasmolysis remains. 

Potassium is concentrated in the cells by an active process as can 
be shown by adding enzyme inhibitors. 


Table t. 

Potassium in mg % of hacilli suspended in bouillon culture. 
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From table 1 it appears that sodium azide hampers the process 
to 0 high degree, and moniodo-acelic acid and hydrocyanic acid have 
Ihe same ettect, as has been asccrlained by microscopic examinations. 
Na F and urethane are of little or no influence. 

As mentioned the plasmolysis is not quite abolished by absorption 
of potassium. If you make the experiments so that the suspensions of 
the bacilli are not so concentrated, if you for instance use the origina 
culture and add the same voluihe of 3.04 % NaCl one will see that 
the plasmolysis disappears completely very soon, in some cases so fast 
that the process has finished before one can examine the suspension 
under the microscope. 

It has not been established if under these circumstances the potas- 
sium absorption is so great that it can explain the deplasmolysis. 

However, there is no doubt that deplasmolysis can be caused by 
other substances tlian potassium. If one in the experiments with hyper- 
tonic solutions of NaCl add a little glycerol, plasmolysis will disappear. 
'Fliis is probably not caused by a stimulation of potassium absorption. 
Glj'cerol permeates extremely fast causing no plasmolysis at all. 

Probably glycerol in the cells is converted into osmotically active 
sunstances, which cannot leave the cells. 

Addition of glucose will also make deplasmolysis perfect, and can 
do so even if the concentration of NaCl in the surrounding fluid is 
5 — 6 %, but then it seems as if many cells burst, at any rate the hae- 
matocrit value are -/z to 1/2 of the controls though the remaining cells 
look quite normal. 

Glucose has previously been shown to give rise to a potassium ab- 
sorption of the same dimensions as shown in these experiments in 
hypertonic solutions. 

As in these experiments maximal absorption is reached after a few 
minutes, but in the glucose experiments potassium absorption is very 
soon followed by potassium loss. Thus, in some experiments, after 
1 hour less potassium is found in the cells than before the experiments. 

In table I such an experiment is shown with 0.5 % glucose in the 
suspension. 

Pulver and Verzar (1940) first showed that yeast absorbed potas- 
sium when glucose was added. They think that potassium is bound 
when glycogen is synthesized in the cells, and is lost again, when the 
glycogen is broken down. 

Leibowitz and Kupermintz (1942) find that coli bacilli absorb po- 
afteTs^mfnSes absorption is maximal 

Conway and Malleij (1946) think that potassium is absorbed 
through exchange of potassium ion with hydrogen ion 

profeedStuTlf""' glucose-absorptions can 

Fer-«rn i the medium and at the same rate Like 

ley find that the process can be stopped by enzyme paralyzing 


19 * 
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poisons They find in most cases potassium absorption and production 
of acid to be of the same magnitude. ^ 

It can be shown that potassium absorption can go on even if \ha 
organic substances in the medium are much deluted. In table 2 is 
shown an experiment where the centrifuged bacilli are suspended in 
a solution containing 0.65 % NaCl and 0.19 % potassium chloride. 


Tabic 2. 

Potassium in mo % of bacilli suspended in 400 volumes 0 6S % NaCl 
and 0.i9 % KCL. 


0.9 o/o 
NaCl 

Minutes after 1.97 o/g j^aCl 

1 Max. o/o 
increase 

13 30 60 120 

272 

329 368 336 324 ' 

35 


Suspended twice in the same solution 


408 

443 425 

7 

420 

454 

8 


After addition of hypertonic NaCl solution the cell potassium in 
augmented by 35 %. 

If the cells first are washed in a large volume of the above mention- 
ed solution (400 times the cell volume), potassium absorption is much 
diminished or has ceased possibly because chloride is only absorbed 
with difficulty and no other acid is found in the solution. Probably 
8 % increase means that no potassium absorption has taken place as 
the cells are plasmolyzed and the fluid between the protoplasm and 
the cell membrane contains about 50 mg % potassium. 

Table 3. 


Loss of potassium in 0.9 % NaCl. 


Bacilli from bouillon culture 

, 

1 

ms % K. 
376 

370 


Bacilli washed once in 70 

310 

K decreased 

volumes 0.9 ®/o NaCl 

317 

16.5 o/o 

Bacilli washed twice in 70 

262 

K decreased further 

volumes 0.9 % NaCl 

254 

18 o/o 


If coli bacilli are suspended in 0.9 % NaCl they lose potassium. 
In table 3 the first experiment shows the potassium content of baci , 
centrifuged from a bouillon culture. The next a^v 

content after the bacilli have been washed once in 0.9 % a 
the volume of the bacilli). In the last experiment the baci i a^e 
washed twice in 0.9 % NaCl. 
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Eacl. washing gives a loss of about \t ,%. which is parlly caused 
by “cd?ular Md, but partly by a loss ot potassium from Uie 

“"l" one examines twice washed bacilli under Ihe 

that most ot them are plasmolysed. The plasmolys.s will disappear if 
you add potassium cliloride and glucose or glycerol. 

The potassium absorption of the bacilli m byperlonic IS aCl solu- 
tion is no doubt appropriate. Plasmolysis gives a dead space l^dwcen 
the outer cell membrane and the protoplasm which impedes diffusion 
to and from the protoplasm and probably the functions of the cells 

are also impeded. , . , r n 

Possibly is it a regulation which is found in many kinds of cells 

especially if the cells must live at changing osmotic pressures of the 
surrounding medium or if the osmotic pressure of the cells changes. 

It has still not been mentioned how I imagine that the acids, which 
must follow potassium, pass inlo the cells. From experiinenls with 
the photoeleetric method it has been concluded that chlorine ions only 
with difficulty permeate the protoplasm. Ammoniumchloridc docs not 
permeate or only very slowly, but ammonium acetate pcrnicates so 
fast that no plasmolysis will occur. It is assumed that permeation of 
ammonia and acetic acid takes place easily. No experiments have 
been made to show if carbon dioxide is of any importance to the ab- 
sorption of potassium, but the author has shown in previous pul)lica- 
tions that ammonium salts permeate much faster through the blood 
cell membrane, when carbon dioxide is present and so docs potassium, 
when the cells are poisoned with lead {OrsUov 1933, 1934 and 1935).= ) 
Conway and Breen (1945) have shown that potassium of yeast 
cells can be exchanged with ammonium, when carbon dioxide is 
present. 

Coli bacilli are easily permeable to lipoid soluble substances, and 
as there are many organic acids in bouillon the permeation of the 
acids need not be a problem. But hoAv potassium is absorbed I don’t 
know. It is possible that potassium ion according to Conway is ex- 
changed with hydrogen ion, but still the mechanism is not verj’ clear. 

A question which arises is whether the potassium absorption in 
glucose solutions and in hypertonic NaCl solutions arc two different 
regulations or if they at any rate partly liave the same aim. 

An absorption of potassium in glucose solution would be ap- 
propriate as it would be able to neutralize part of the acids formed in 
the cells and keep them in the cells. But there may also he another 
explanation of the absorption. If osmolically active substances were 

SaHon wn Th”? absorption starts, then the osmotic 

to showTf To potassium absorption. It should he possible 

shou if the osmotic pressure during glucose absorption is changed 

nf were started in order to study the permeabilitv 

the coh bacilli with the photoelectric method. With this method U 
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has been established that some substances, when added as a hypertonic 
solution pass so fast into the cells that no plasmolysis takes place 
for inst Alcohol, urethane, hexamethylentetramine, glycerol and anti- 
pyrine. This is in accordance with the experiments of Fisher (1895) 
Urea passes at a slower rate, and the plasmolysis caused by malon 
amide will only have disappeared after 6—8 minutes. If there is no 
potassium in the solution, substances like mannite, glucose and 
arabinose will pass very slowly into the cells, and deplasmolysis will 
be very slow. But if there is potassium in the solution, (and only very 
little potassium is needed) this ion will be absorbed, partly because 
the substances are sugars, partly because the osmotic pressure has 


been increased and deplasmolysis sets in and so simulates the permea- 
tion of the added substances. 

The consequence is that such permeability experiments with coli 
bacilli must be carried out with cells washed in 0.9 % NaCl in order 
to avoid the osmotic regulation, as sodium does not seem to permeate, 
and the active processes of the cells must perhaps be paralyzed by 
enzyme inhibitors. 

But then there is the possibility that this treatment will have 
changed the characteristics of the protoplasm and at any rate the 
cells will be plasmolysed on account of potassium loss. 


Summary. 

1) By direct microscopic examination and by a photoelectric 
method it is shown that some substances when added in hypertonic 
solutions permeate so fast that no plasmolysis of coli bacilli occur, f. 
inst. alcohol, glycerol, hexamethylenetetramine and antipyrine. 

2) With urea the deplasmolysis has taken place after 1 — 2 minutes, 
with malonamide after 6 — 8 minutes and with these substances rather 
constant values are found. 

3) In hypertonic solutions of glucose, fructose and mannite de- 
plasmolysis will occur very slowly, when the bacilli are thoroughly 
washed with 0.9 % NaCl. 

If potassium is present in the suspension or in bouillon culture 
deplasmolysis is finished after a few minutes. 

It has been shown by Pulver and Verzar (1940) for yeast and y 
Leibowitz and Kupermintz (1942) for coli bacilli that the addition 
of glucose gives rise to a considerable potassium absorption. 

4) When a suspension of coli bacilli in bouillon is mixed m > 
a hypertonic sodium chloride solution plasmolysis will have disap- 
peared after a few minutes. Even in a 5 — 6 % NaCl solution many ce s 
will look normal if glucose is added to the solution. 

5) It is showm that deplasmolysis to a great extent is cause J 

potassium absorption. „. 

If the osmotic pressure of the bouillon is doubled by ad mg 
potassium of the cells is increased 31 — 68 %. 
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6) The potassium absorption is an active process as the potassium 
concentration of the cells is much higher than the concentration of tlic 
fluid outside the cells. 

The potassium absorption in hypertonic sodium chloride solnlions 
can he hampered to a high degree by sodium azide, hydrocyanic acid 
and moniodo-acetic acid. Sodium fluoride and urethane have little 
effect. 

7) If coli bacilli arc thoroughly washed in a solution containing 
0.65 % NaCl and 0.19 % KCl, the addition of hypertonic NaGl solution 
^Yill cause no potassium absorption, probably because no weak acids 
are present to follow potassium into the cells, as chlorine ion seems 
to permeate only with difficully. 

8) Tlie appropriateness of the established osmotic regulation and 
its relation to potassium absorption in glucose .solutions is discussed. 
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FROM THE PATHO-ANATOMICAL INSTITUTE OF THT Jmrv. 
— - (CHIEF: PROFESSOR C. G. AHLSTRoS) 


EXPERIMENTAL INVESTIGATION INTO THE GENESIS 
OF THE ADRENOGENITAL SYNDROMES BY ANALYSIS 
OF THE MORPHOLOGY OF THE PITUITARY IN HYPER- 
AND HYPOFUNGTION OF THE ADRENAL 
CORTEX IN RATS*) 

By Jan Mellgren 

(Received for publication September 10th, 1947) 

As is known, certain diseases with genital disturbances are charac- 
terised by enhanced function of the adrenal cortex, and have there- 
fore been called adrenogenital. Cushing’s disease and certain forms of 
virilism are undoubtedly in this category. Morgagni’s syndrome, which 
is so common among women in the menopause, and which in its 
complete form presents adiposity of the torso, hirsutism and frontal 
enostoses, has also rightly been included here, primarily due to its 
resemblance to Cushing’s disease, both in externals and in the occur- 
rence of hyperplasia of the adrenal cortex. It is possible that hyper- 
trophy of the prostate is also linked up with hyperfunction of the 
adrenal cortex (Mellgren 1945). 

In earlier works (1942, 1945) the present author has shown that 
all the diseases mentioned are characterised by the same histological 
change of the anterior pituitary, namely an increased number of 
hyaline basophiles — first described by Crooke (1935) in Cushings 
disease — together with an increased number of hypertrophic ampho- 
philes, i. e. large chromophobe cells with hypertrophic nucleus and 
often of sparsely granulated basophiles also. The change in the pilu 
itary appeared regardless of whether the adrenal cortex in the in 
dividual case was the seat of adenoma, cancer, or merely hyperplasia. 
On the other hand," it was quantitatively largest in Cushing s disease 
and virilism. 

*) Given in a shortened form as a lecture at the meeting of the Scandinaiian 
Pathological Association in Uppsala 7 — 9 July 1947. The expenses o 
investigation have been defrayed by grants from the University of Lun 
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The same Avork (Mcllgrcn 1945) evinced a slalisfically 
positive correlation between the frequency of the mentioned 
S p tu tary cells and the size of the adrenal cortex. This correlation 
was still significant in a material of endocrinely normal subjects + 
cases of Morgagni’s syndrome + cases of prostatic 
75 individuals) — that is to say, where the extreme cases (Cushings 
disease and virilism) had not been included. No regular change in any 
other endocrine organ could be shown to explain this correlation. 
The logical conclusion is cither that ihe liypcrfunction of the adrena 
cortex induces the pituitary change described, or, conversely, that 
the pituitary change indicates an overproduction of corticotropliic 
hormone, which induces the adrenal distiiibance. 

The main problem of the present work is to discover which ol 
these alternatives is the right one. Naturally, in cither alternative it is 
possible that the quantitatively increased hormone production — from 
the adrenal cortex and the anterior pituitary respectively — is also 
of pathological quality, but this is a question which must for the 
present be shelved. 

Earlier experimental and clinical observations have already sug- 
gested that the second alternative — i. e. overproduction of cortico- 
trophic hormone and secondary hypcrfunction of the adrenal cortex — 
is what actually takes place in the adrenogenital diseases; this prob- 
ably holds in cases of tumours of the adrenal cortex also.^) Hodlcr 
(1936, 1937) showed the possibility of this by including simultaneously 
hyperplasia of the adrenal cortex and virilism in castrated female 
guineapigs by injections of corlicotrophic pituitary extracts. Several 
authors have furthermore induced adenoma in the adrenal cortex with 
pituitary extracts (Putnam et at. 1929; Ansclmino ct at. 1933, 1934, 
1935) and, in a definite mouse race, Woolley and co-workers (1943) 
induced adrenal cortical cancer by means of gonadectomy, the opera- 
tion affecting the adrenal cortex probably via the anterior pituitary. 
Further, Jores and co-workers (Jorcs and Beck 1935; Jores 1936; 
Brauer 1937; Jacobi and Tigges 1939; Sundermann 1940;Berblingcr 
1940, 1943) found an increased content of corticotropliic hormone in 
the blood in several cases of Gushing’s disease and in one case of 
virilism. The testing method used is hardly convincing, however. 

On purely morphological grounds, too, a good case can be made 
tor sajnng that the pituitary change in the adrenogenital syndromes 
implies oyrproduction of corticotropliic hormone. That is to say, all 
the pathological pituitary cells which are found are in all probability 
^'‘sophiles: moreover, their considerable size and 
qren 19«1^ "p nuc\coli indicate a strong function (Mell- 

thrhn! i M ®«»’^‘5nger (1943) has clearly shown that 

soph iles are carriers of the corticotropliic hormone. On the 

) 01 a full suney of the older literature, see Mellgren, 1945. 
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Ollier hand, Ingle (1938) has slioivn that injections ot largo doses 
of cortm IS followed rapidly by atrophy ot the adrenal corlcx in 
normal rats, but not m hypophysectomised ones. Another possibililv 
to be allowed for, therefore, is that the strong activity of the baso- 
phile pituitary cells m the adrenogenital diseases may indicate a de- 
pressing action on the adrenal cortex, which it would be reasonable 
to assume secondary to the cortical hyperfunction. 

Finally, a comparison with the pituitary picture in Addison’s 
disease provides certain criteria when assessing the genesis of the 
adrenogenital syndromes. It is true that the pituitary in Addison’s 
disease show's certain special features, such as a reduced number 
of basophiles, -increased number- of chromophobes, and — sometimes 
— few' acidophiles (Kraus 1923, 1927; Hew'er 1923; Guizzetti e< al. 
1928; Berblinger 1932, 1942; Harrop et al. 1932; Terplan and Sanes 
1932; Lang 1946) ; the same frequency changes have often been establ- 
ished by a differential count (Crooke and Russell 1935; Hawking 
1936; Mellgren 1945). Only in a few isolated cases of Addison’s 


disease has a sure frequency increase of the pituitary basophiles 
been observed (Severinghaus 1938). However, most cases of Addison’s 
disease have also shown cytological changes in the basophiles, indicat- 
ing increased activity (cf. Severinghaus 1938) resembling that in the 
adrenogenital syndromes. Thus, finds have been made — particularly 
in slight cases of Addison’s disease — of numerous enlarged, sparsely 
granulated basophiles (Berblinger 1932, 1942; Terplan and Sanes 
1932; Crooke and Russell 1935; Severinghaus 1938; Mellgren 1945), 
and also a coalescence of the basophile granules into homogeneous 
or hyaline masses (Kraus 1923, 1927; Berblinger 1932, 1942; Crooke 
and Russell 1935; Mellgren 1945), which gives the cells a certain re- 
semblance to Crooke’s hyaline basophiles. In addition, in 1945 the 
present author found typical hyaline basophiles and hypertrophic 
amphophiles in definitely increased numbers in one case of two with 
unquestionable Addison’s disease (adrenal tuberculosis). 

A recently observed case of Addison’s disease is also worthy of 
mention: 


Tmb. 4740/47, Lund. (Clinical examination and autopsy at Karlskrona 
hospital, Dr. L. Lundgren). 17-year-old woman. Addison’s disease, beginning 
acutely w'itli angina in September 1945. Reacted promptly to ^esoxycortico- 
sterone acetate (DOCA) given intramuscularly. From March 194b UUUa 
tablets subcutaneously. In December 1946 the blood sugar suddenly lose 
500 mg/100 cc, and later to 800 mg/100 cc, and acidosis set in. 

Insulin sensitivity: 8 + 8 internat. units gave normal blood sugar value- 
In June 1947 acute fever and headache, picture of encephalitis. 

L. R.: 14 mononuclear cells/1 mm^, protein reactions negatne. a le 


ot eat. Died from general cachexia. , . . to 

Microscopic examination (Mellgren) showed the following m a 
igns of sepsis: The fat from the adrenal region contained on one side sm. 
■agraent of an adrenal: the cortical cells were small and infiltra- 

'ing few and far between in abundant connective tissue with spa 
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01 round coll,. Tho poncrcolic i.cl.u* ™ "f 

cvtelikc cells The piluilartj was macroscopically noinia . The ‘ ^ . 

? 0 Rical slmcture of the anterior lobe was normal, 

Aciflonhiles fewer than normal, small. Normal basophilcs ex i . . • 

an esUmate some "/oo). Numerous basophilcs ^ ^ 

Inrirp body and large loose nucleus. Many basophiles with gianules moigi g 
ntflnSinS scales and with a large loose nucleus with large nucleo us; 
some of these cells’ were confusingly like Crooke’s hyaline ^ 

chromophobes than anything else; many were large, with a gigantic nucleus 
and large nucleolus — i. e. like the hypertrophic amphoplulcs in adrenogenital 
syndromes. 


Thus, in this case of Addison’s disease also, the anterior pituitary 
showed signs of strong basophilic activity, very like that in the adreno- 
genital diseases. Noxv the pituitary changes in the two (luoted cases 
of Addison’s disease cannot have arisen from hyperfunclion of the 
adrenal cortex; on the other hand, it might he possible to trace the 


similar pituitarj' changes in Cushing’s and Addison’s disease to a 
raised corticotrophic pituitary function common to both diseases. 

The cases of Addison’s disease which have been systematically 
compared with the adrenogenital sj’ndromes are, however, too few lo 
allow of general conclusions. In this situation, the present author 
has tried by experiment to throw light on tho genesis of the pituitary 
change in adrenogenital syndromes by investigating the stale of the 
pituitary in rats both after induced hyperfunclion of the adrenal 
cortex and after adrenalectomy. 

Experiments into lujperf unction of the adrenal cortex and its ef- 
fect oh the pituitary have admittedly been made earlier on, but the 
results contradict one another. Different effects on the anterior pitu- 
itary have been reported by different authors after the injection of 
adrenal cortex extracts (Lippross 1936; Jorcs 1937—38; Hciden and 
Kahlau, cit. Romcis 1940). This is natural, as the extracts were not 
pure. 

A clue for belter procedure can be obtained from Hodlcr (1936, 
1937), as mentioned above. The virilism which, together with growth 
of the adrenals, she induced by the injection of pituitary extracts into 
castrated female guincapigs, was not forthcoming after adrenalectomy. 

ith pure corticotrophic hormone, therefore, it should l)c possible to 
induce an adrenal cortex hyperfunclion similar to that in virilism 
and to study its reaction on the pituitary. 


An experiment of this kind has been performed bv Koneff (1944) 
e gave male rats pure corticotrophic hormone according to Evans 

sL's^Tcr Mrt r ivliicli 

and Id slrof u : “"'ei aPPnralusos, 

planimetry but no ^ changes were established bv 

y aintams that the appearance of the change clearly argues 
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reduced basophilic activity. That this reduced activity corresnnnri , 
a reduced excretion of corticatrophic hormone from the pituihrv 
can be deduced from Ingle and Kendall’s experiment (1937? 
showed that raised function of the adrenal cortex iahil’i,: "2 
pituitary s excretion of this hormone. With the time of treatment 
and in the large doses which Koneff gave the rats, Evans’s corticotro’ 
phic hormone also induces retardation of other pituitary functions 
however, which dims the significance of the pituitary change; Ewans 
and co-workers, using the same hormone in similar experiments, ob- 
tained retarded body growth (Ewans, Simpson and Li 1943), atrophy of 
the thymus and lymph nodes (Simpson, Li, Reinhardt and Evans 
1943), reduced development of the testes and the accessory sex organs, 
together with loss of weight and some histological hypoplasia of ihe 
thyroid (Koneff 1944). 

Experiments with adrenalectomy. As regards the effect of adrenal- 
ectomy on the function of the anterior pituitary, Faber (1945) showed 
that the operation on rats is followed after no more than 5 — 8 days 
by an increase of the lobe’s content of corticotrophic hormone. Collip 
and others (Collip, Anderson and Thomson 1933; Shumacker el al. 
1934) showed that the operation also caused raised concentration of 
corticotrophic hormone in the blood; after unilateral adrenalectomy 
these investigators obtained the usual compensatory growth of the 
other adrenal, but only in normal animals, not in hypophysectomized 


ones. 

This makes it likely that, after adrenalectomy, the anterior pituitary 
also produces more corticotrophic hormone than norma]. The present 
author has assumed this to be so, as a working hypothesis, well aware 
of the less probable possibility that the increased concentration in the 
anterior pituitary and the concurrently raised concentration of cortico- 
Irophic hormone in the blood might be due to reduced consumption in 
the periphery. 

The earlier literature is confusing and contradictory on the morph- 
ological effect of adrenalectomy on the anterior pituitary, due partly 
no doubt to the short period that the experiment animals surwve, 
and partly to the absence of a differential count of the pituitary ce s 
(Igura 1927; Lehmann 1929; Martin 1932; Nicholson 1936; Herrick 
et al. 1940; cf. also Shumacker and Firor 1934, and Berblinger 
Greater interest attaches to the experiments into chronic adrenal in- 
sufficiency performed by GroIIman and co-wmrkers (Shumacker a 
Firor 1934; GroIIman and Firor 1935). They gave completely 
ectomized dogs and rats small, inadequate doses of adrenal cor ^ 
extract, wdiich just kept the animals alive up to 1()0 days. , 

time the animals show'ed a constant body weight, lowere ) 
temperature, atrophy of the genitals and thyroid, and hypop 
the thymus and lymph nodes. 100 days after the operation t e pi * ^ 
ies of the dogs showed few or no basophiles; those of the ra s sio 
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some decrease of the basophiles, some of them abnormally tingible 
The change is said to resemble that in Addisons disease, but 
described in any detail. No differential count was made. 

Autor’s own experiments 

Material and methods. The experiments cover 147 young fully 
grown white rats of the same heterozygote strain. To avoid influence 
of the sexual cycle on the pituitary picture, mainly males were used 
(128 animals); only complementary experiments, which weie dea 
with separately, used females also (19 animals). The experiment 
animals and controls were throughout divided up in such a way thm 
animals of the same weight from the same litter were always in dif- 
ferent groups. The groups were then compared with one another as 
entities, always taking into account the age of the animals (see below). 

From one week before the experiments began, the animals were 
kept at a relatively constant room temperature of + 18“ — + 21“ C, 
and fed on a special animal bread^) ad lib., water ad lib., and about 
5 cc of milk per animal daily. Each animal Avas weighed every day. 

Hypophysectomies were performed according to Coll ip, Sclye and 
Thompson (1933) with avertin narcosis. Only when the operation was 
technically perfect Avere the animals used. Animals Avbich after the 
operation lost much Aveight, or seemed ill or dead, Avere also rejected. 
At the end of the experiments the completeness of the operation was 
checked AA'ith the microscope, and animats Avith pituitarj’^ remains Avero 
thrown aAvay. 

Adrenalectomies Avere made by Bomskov and Bahnscn’s method 
(1935), AAlth ether as the narcotic, though avertin Avas used Avhen this 
operation Avas performed at the same time as hypophysectomy. Animals 
dying AA'ithin 9 days of the operation AA’ere throAvn aAvay. At the end 
of the experiments the completeness of the operation AA’as checked 
histologically. 

At the end of the experiments the animals Avere sAviftly decapitated 
AAithout narcosis far doAvn on the neck, so that the thyroid gland 
should not be injured. The pituitary, thyroid Avith parathyroids, 
adrenals, testes (ovaries), seminal A'esicles, prostate (uterus) and 
kidneys AA'ere prepared and Aveighed. All the organs except the 
pituntarms were fixed in 10 % formalin. Frozen sections were made 
I trough the centre, Avhich Avere stained both by the 

Scharlach R; other organs were 
embedded in paraffin and stained Avith cosine. 

The pituitaries were fixed, sectioned in series horizontallv and 

ained wit h buffered eosine and aniline blue solutions, all by ’ mcII- 

according to S. Card’s recipe: 100 kg 

10 kg Lucern hay meal (Medicago^ativa) 25 wheat sprouts, 

oil. Mix, and dry at 40“ C '’ • & hsh meal, 40 gm cod liA'er 
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gren’s method 1944, and a differential count made according to Mell 
gren 1945, with certain modifications. The following six wll h-nn 
were registered in this way: acidophiles, normal basophiles 
chromophobes, pycnotic basophiles, hyaline basophiles (including both 
typical Crooke cells and basophiles with granules coalesced into small 
hyaline scales), and hypertrophic amphophiles (defined as large chro- 
mophobe cells with nuclei over 7.6 X 7.6 or 10.2 X 5.1 ^i). That is to 
say, the limit for the minimum size of cell nucleus in the hypertrophic 
amphophiles has been placed somewhat lowmr in the rats (broadly 
speaking, a minimum of 45 p- in the plane of the section) than in 
human subjects (minimum 50 Mellgren 1945) since the pituitary 
cells in rats are normally smaller. In this, way, a differential count 
of about 2000 cells was made for each animal in a horizontal section 
near the centre of the pituitary. 

Preliminary experiments determined the exactitude of the count- 
ing method in the modification mentioned. First, a differential count 
was made of a horizontal, section near the centre of the pituitary 
from a normal male rat according to Floderus’ method (Floderus 
1944). This showed a fairly eve ndistribution of the different cell 
types in different parts of the slide, so that 2000 counted cells was 
deemed sufficient. In another experiment the effect of varying levels 
in the horizontal section was determined as follows. First of all, a dif- 
ferential count was made of about 2000 cells in a horizontal pituitary 
section about 60 p above the centre, and the process was then repealed 
in another section about 60 p below the centre of the same organ. This 
gave two values (in per cent) for the frequency of each celt type, vith 
a difference, d. The experiment was repeated with 10 animals from 
different groups. The dispersion of a single determination ( oi) 'vas 
then calculated according to the usual formula for double determina- 


tions, ffi = ± |/^ result is shown in table 1. As is seen, the 

dispersion is small, despite the great difference in the levels of the 
investigated sections. 

Table 1. 

Dispersion of a single determination (?i). 

Calculated on the difference between two separate horizontal sections ( 


Cell types 


Acidophiles 

Normal basophiles 

Normal chromophobes 

Pycnotic basophiles 

Hyaline basophiles 

Hypertrophic amphophiles 


for each case. 


Number of 

1 Cell frequency 

in % 

invesligateil 

1 Mean of 

cases 

all c.nse.s 

N 

M 

10 

35.8 

10 

13.8 

10 

47.9 

10 

1.4 

10 

0.2 

10 

1.0 


Dispersion 
of sinple 

detcrminalion 

in '/s 

O’! 

+ 1.9 
+ 1.0 
+ 2.0 
+ 0.2 
+ 0.1 
+ 0.2 
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When organ weights of any one expcrinicnl group were compared 
wiUi Uiose of normal animals, the ages of the individual animals wer 
taken into account according to the following method, suggested hj 
Prof. C. E. Quensel, Lund. First of all each organ of the norma 
animals was given a straight regression line according to the equation 
y = a + hx, where y is the weight of the organ in mg, x is the age 
in days, and a and b constants, calculated in the usual way. The 
average perpendicular deviation (D) from this regression line was 
then determined for the corresponding organ weights of the expcii- 
ment animals according to the formula D = niy (1) — a b * mx(l), 
where my(l) is the mean of the experiment animals’ organ weights, 
and nix (1) that of their age. Pro\ddcd that the experiment animals’ 
regression line is parallel to that of the normal animals, the standard 
error of D has been calculated (allowing for the standard error of a 
at nix (1)) according to the formula 

(m^ — inx(l))‘ 

1 + x2 


f2(D) 


. ( 1 ) 


ni 


) 

\ n / 


where + f(D) is the standard error of D, n the number of normal 
animals and ii] the number of experiment animals, m,( the mean of 
the normal animals’ ages, m^ (1) the mean of the cxperimcnl animals’^ 
ages, V X- the sum of the squares of the individual normal animals’ 
ages, and /r and i. e. the residual squares, have been calculated 

according to the formulas 

2— 2'y--a2’y-h2'xy 

^ n — 2 

and 

,2 n ) = ^■y°-n-'»%0)-2b(^,xy-ni m, (1) • niy (1)) + 1,2 ( x2 _ (,)) 

~~ ni — 1 ~~ 

where 2' y" etc. refer to the normal animals, and v, y- etc. to the 
experiment animals. 

When making corresponding calculations for the hodij weights of 
normal and experiment animals, it was found more suitable to use 
loganthmic regression, and so x was made to indicate log age in days 

Iwophyseclomizcd and then treated with 
different hormone doses were, together with their controls, selected 
from within narrow age limits. It was therefore not necessary to use 

coettmients (Bravais-Pearson) were calculated between weights and 
the size of the doses according to the formula 


^ a J 
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Experiment 1. Control testing of the corticotrophic hormone to 
be used in the main experiment. The hormone (stated to be crystal 
Imely pure) had been prepared according to Max Reiss’s method and 
placed at my disposal by him through the kind offices of Pharmacia 
and Dr. F. Paulsen. The hormone was stated to contain 10 uniPme 
Reiss et al. (1936) define 1 unit as the smallest quantity which 
obliterates the sudanophobic zone of the adrenal cortex in 2 out of 3 
hypophysectomized rats weighing 80—120 gm, the quantity being 
divided into 16 doses, of which 2 are given daily for 8 days. 

the hormone was tested out on 3 groups of hypophysectomized 
animals thus; 


Group A: Testing mainly according to Reiss et at. 1936. 7 rats were 
used, 4 females and 3 males, aged 68 — 119 days. Hypophysectomy was 
followed 12 — 16 days later by left-sided adrenalectomy; hormone in- 
jections were begun at the same time: 1 dose in 0.2 cc of 0.9 % saline 
subcutaneously twice daily for 8 days. Dosage: 1 2 given 0.06 mg, 
1 c? and 1 2 0.02 mg, 1 S and 1 2 0.006 mg, 1 2 0.002 mg and 
ISO mg per dose. 12 hours after the last injection all the animals 
were killed. 

No effect from the hormone could be demonstrated: the cortex of 
both adrenals showed an equally distinct sudanophobic zone in all 
animals, and the right adrenal was in all cases somewhat lighter than 
the left. 

Group B: Testing according to Reiss et al. 1936. 15 females, 103— 
106 days old, were hypophysectomized. 15 — 18 days after the opera- 
tion, a dose of hormone diluted in 0.2 cc of saline was given sub- 
cutaneously twice daily for 8 days. Dosage: 3 animals were given 
0.17 mg, 2 animals 0.06 mg, 2 animals 0.02 mg, 3 animals 0.006 mg 
per dose. 5 females, only hypophysectomized, were used as controls. 
All the animals were killed 12 hours after the last injection. 

This group did not show any effect from the hormone, either. The 
cortex of the adrenals presented an equally distinct sudanophobic zone 
in all cases. The weight of the adrenals at the sectioning was correlated 
with the size of the dose given to each of the 15 animals; the correla 
tion coefficient according to Bravais-Pearson was — 0.14 + 0.25. In 
the same way, the loss in body weight from hypophysectomy to is 
section was correlated with the size of the dose, the correlation coe 
ficient being — 0.01 + 0.26. Similarly, the coefficient for the correla- 
tion between the weight of the thyroid and the dose was 0.23 + • > 
and for the correlation between the weight of the ovaries an i 
dose — 0.19 + 0.25. Nor was the weight of either uterus or kiclncj 

changed by the hormone treatment. ... 

Group C: Testing mainly according to Simpson, Evans an 
(1943). 14 males, 45—51 days old ,were subjected to J 

and left-sided adrenalectomy in the same 
at once, one dose daily in 0.2 cc of saline intraperitoneal y, or 
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Dosage: 4 animals were given 3.6 “S-/ ‘ 

0. 1 mg, and 3 animals 0 mg per dose. They were killed 24 hours alter 

^^'^Whh t£eXses and testing conditions, the hormone had a definite 
effect. The sudanophobic zone in the right adrenal was distinc an 
of varying breadth in the 7 animals receiving 0—0.1 mg of the hormone 
per dose; it was almost entirely absent in one, and was quite narrow 
in 2 of the 3 animals receiving 0.6 mg/dose; it was completely absen 
in the 4 animals given 3.6 mg/dose. Tlie left adrenals showed no 
sudanophobic zone. The correlation coefficient according to Bravais- 
Pearson between the breadth of the sudanophobic zone in the right 
adrenal (divided into 4 classes, 0—4) and the size of the dose given 
was — 0.83 + 0.08 for the 14 animals. 

In all 14 animals, the right adrenal was found to be lighter than 
the left. Tlic difference in weight between left and right adrenal was 
calculated {ad modum Collip 1933, cit. Bomskov 1939) for each animal 
in per cent of the weight of the left adrenal. The correlation between 
the difference and the hormone dose administered was — 0.49 + 0.20 
for the 14 animals. Thus was elicited a certain, though quite faint 
possibility (0.05 > P > 0.02) that the hormone retards the adrenal 
atrophy after hypophysectomy. 

The hormone had no effect on the body weight, the correlation be- 
tween the loss in weight during the test and the size of the dose turning 
out to be — 0.13 + 0.26. Nor was there any effect on the weight of the 
kidneys (r for kidney-weight — dose: 4- 0.05 ± 0.27) of the thyroid 
(r for thyroid-weight — dose: + 0.07 ± 0.27). On the other hand, 
the testes became somewhat heavier as the hormone dose increased 
(r = + 0.51 + 0.20); the same applied to the accessory sex organs, 

1. e. prostate + seminal vesicles (r = + 0.48 + 0.21). Tlie probability 
that the hormone really retards the atrophy of the testes and the ac- 
cessories is therefore very faint (0.05 > P > 0.02). Even if the effect 
on testes and accessories can be regarded as certain, it need not indicate 
admixture of a gonadotrophic factor in Reiss’s hormone, but may be 
a result of this hormone’s corticotrophic effect — Selye and co-workers 
(1940) obtained definite gonadotrophic effect from desozycortico- 
sterone on hypophysectomized rats. 

Summing up, we can say that the Reiss hormone which was used 
showed unquestionable corticotrophic (»anti-sudanophobic«) effect 
on hypophysectomized rats. The strength of the hormone was found 
to be considerably lower than the reported one, how^ever. Given in 

00 ^ 1 ^ e“(L't ‘h' h”™"® iihoived no sc- 

, i thyrolrophic fnclor or growth factor. A slight nro- 
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Experiment 2. Treatment of normal male rats with the corlicc, 
trophic hormone. t-ornco- 

One group of 12 animals, 33 days old, were given a dose of hormone 
intrapentoneally in 0.2 cc of saline daily for 30 days Dosage- 3 
animals received 2.3 mg, 3 animals 0.5 mg and 6 animals 0.1 mg per 
dose. Although the changes in the pituitaries were somewhat clearer 
after the largest doses than after the smallest, these differences within 
the group were not great, and. with regard to body weight and organ 
weights, no systematic differences at all were seen within the group. 
It was therefore treated as a unit. 

A second group of 6 animals, 33 days old, were similarly given 0.1 
mg hormone daily for 104 days. 

6 littermate males served as controls for the first group, and 5 
other littermate males for the second. As the controls in no respect 
differed from the 7 normal controls in the next experiment (No. 3), 
they have alt been made into one control group, comprising 18 normal 
male rats. A further extension of the normal material as regards body 
weight, adrenal weight and pituitary wmight was made as follows. 

Since the regression line for the body weight according to age of 
the 18 control animals proved almost exactly to coincide with the 
corresponding regression line for the remaining 110 male rats from all 
the experiments {one body-weight value taken for each animal at the 
last age when the animal was still normal, i. e. untreated), this 
has extended the normal material for body weight to 128 animals. — 
The adrenal material could be extended in the same way, since it was 
found that the weight according to age of the 18 above-mentioned 
controls agreed very nearly with the corresponding weight of the ex- 
tirpated left adrenal from normal male rats. The material has there- 
fore been made into one (one value for each animal). The collected 
control material for adrenal weight covers 75 animals. — The weight 
according to age of the pituitaries of the 18 controls differed only by 
about 3 % from the corresponding weight in the 14 male rats treated 
solely with desoxycorticosterone acetate (DOGA) in Experiment 3. 
They have therefore been made into a single control group (32 ani- 
mals) for pituitary weight. 

The results of the hormone treatment of normal males is shown 


by the following curves. . 

As fig. 1 shows, the hormone treatment raised the adrenal wcigni 
significantly above the normal, almost equally in both treated groups. 
On the other hand, the histology of the adrenals was not changed. 

Fig. 2 shows that the body weight was unaffected after 30 ays- 
but had risen significantly above the normal after 104 days o re* 
ment. Since the kidneys did not increase in weight \ 

slightly lower in both groups of hormone-treated animals than i 
littermate controls), the increase in body-weight among , 

treated for 104 days can probably not be attributed to admixlur 
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I'iO- f- 

Woiplil ficcordiiip (o ape of adrenals of Ta iiorinal rats, and tlial of IS male 
ra(s treated with cortirotrophie hormone for IIO 101 days. 1) -- -• 2.10 0.00 

nipms, calculated for all the honnone-treated animaK. 


growth factor in llto Iiormono doses, or to raised exerotion (»f such a 
factor from the pituitary, Init can l)c assumed to he tin effoel of 
induced adrenal cortex hypcrfunctioti: an increased ftilly tieposit iiotlt 
from corticotrophic hormotic and from corlin has heen shown liy 

Uciss and co-workers (19.'t7, 19M). The weight of the testes, ar- 

ccssorj' sex organs, and thyroid was not tiffceled hy the hormone 
treatment in any groui). 



grns, calculated for animals treated for 101 days, " 
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Table 2. 

Frequency of different cell types in the anterior nitnifavir t 
Values significantly deviating from those of the 18 normal anTraals''t 

printed in heavy type. 


Groups of animals 

Number of 
animals 

Frequency of the different 

cell types in ^TyT+Tn 

Chromo- 

phobes, 

total 

Acido- 

philes 

Baso- 

philes, 

total 

Hyper- 

trophic 

ampho- 

philes 

Pycnotic 

basophiles 

Ilyalii 

basoph 

Animals treated with corti- 









cotroph. hormone 








for 30 daj's 

12 

48.6±0.68 

36.3+0.60 

15.1+0.36 

0.61+0.11 

1.41+0.22 

0+ 

for 104 days 

6 

43.8+0.62 

43.4+0.91 

12.8+0.65 

0.36+0.181 

1.96+0.20 

04( 

Normal animals 

18 

48.5±0.42 

36.7+0.40 

14.8+0.28 

0.63+0.07 

0.27+fl.Ofi 

0+ 

Normal animals treated 

1 







with DOGA only'^ 

14 1 

48.8+0.59 

36.2+0.43 

14.9+0.08 

0.49+0.36 

0.51+0.09 

0,02+( 

Completely adrenalect. 








animals treated with DOGA 








10—18 d. after op 

13 

51.3+0.67 

34.5+0.65 

14.1+0.58 

2.90+0.24 

0.86+0.10 

1.26±C 

24 — 28 d. after op 

6 

52.1+0.21 

34.8+0.74 

13.2+0.68 

2.63+0.22 

0.47+0,07 

2,01 ±C 

65—86 d. after op 

10 

55.3+0.67 

33.0+0.57 

11.6+0.61 

4.64+0.17 

0.61+0.06' 

2.13+C 

Incompletely adrenalect. 








animals t'eated with DOGA 

3 

48.9+0.17 

38.8+0.21 

12.4+0.23 

2.44+0.36 

0.03+0.03; 

0.16+C 


In both groups of hormone-treated animals, the weight of ihe 
pituitary proved slightly larger than in the groups of littermate con- 
trols; however, the difference between treated cases and controls was 
not satistically significant (D = -f 0.46 + 0.33 mgms). Nor did comp- 
arison with the expanded normal material (32 controls in all) give 
any statistically probable difference in the weight of the pituitary 
(D = -f 0.15 ± 0.28 mgms). 

The histological picture of the anterior pituitary was greatly af- 
fected by the hormone treatment, particularly the longer one; see 

table 2 and fig. 3. . . • i 

Thus, the frequency of pycnotic basophiles was significantly raised 
in the group of animals treated for 30 days. The same group also show- 
ed a positive correlation between the size of the dose and the re 
quency of pycnotic basophiles; with a dose of 2.3 rag per day, tic 
mean of pycnotic basophiles w'as 2.1 %, with a dose of 0.5 per ay, 
it was 2.0 % and with a dose of 0.1 mg per day it was 0.7 %■ — 
Further, after 104 days of treatment, the number of chromophobes 
had significantly fallen, the number of acidophiles significantly 
and the total number of basophiles fallen (with a probability o •• 
100). In this group, too, the pycnotic basophiles ivere most numeroii 
(cf. figs. 3, 9 and 10). 
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Fig. .*?. 

Frequencies of diffcrcuf cell types in tlio anterior pituitary of male rnt.s 
treated witli corticotropliic liormone, normal nmic rats and adronalectoniiT.cd 

male rats. 


Slimming up, ^YC can say that, in normal male rats, Reiss’s corlico- 
Irophic hormone produced a rclalivc increase in llic weight of Ihc 
adrenals, and gradually a rclalivc increase of Ihc body weight — the 
latter probably due to enhanced function of the adrenal cortex. There 
were no signs of deranged Ihyrolrophic or gonadotrophic pituitary 
function. Tlic anterior piluilary showed in Ihe first place, pycnosis of 
basophiles, followed gradually by a lowered number of chromophobes, 
raised number of acidoiihilcs, and probably a lowered number of baso- 
phil es. 

The appearance of the pituitary change clearly indicates lowered 
basophilic activity. As no signs of disturbances of other functions of 
the pituitary basophiles were evinced in the cxi)crimcnl, il is very 
likely that the piluilarj’ change implies a reduced production of corlico- 
trophic liormone. As, moreover, il is known that hypcrfunclion of the 
adrenal cortex reduces the pituitary’s excretion of corlicolrophic 
hormone, it is likely that the hormone injections of the experiment 
produced the pituitary change via such adrenal hypcrfunclion. 

As regards the inactivation of the pituitary basophiles, llic results 
of this experiment agree well with those of Koneff’s, allhough the 
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latter used aether corticotrophic hormone, and far larger dose, 
(see above) The results argue plainly against the assumption that 
the picture of marked basophile activity which characterise the an 
tenor pituitary in the adrenogenital diseases is due to hyperfunction of 
the adrenal cortex in these diseases. 


Experiment 3. Adrenalectomies. 

First group: 22 male rats, 35 — 45 days old, were subjected to left- 
sided adrenalectomy, and 4 — 14 days later right-sided adrenalectomy. 
For a few days after the second operation, the animals were given by 
the intramuscular route 1 — 0.5 mg DOCA, shaken up in 0.03 — 0.06 cc 
saline; no further treatment. The animals were killed when they were 
practically in agone; this occurred after 10—28 days. None of the 
animals showed adrenal remains on dissection. 

A second experiment group of 11 male rats, 38—45 days old, were 
subjected to left-sided adrenalectomy, followed 7 — 14 days later by 
right-sided adrenalectomy. After the second operation, the animals 
were given 0.50 — 0.25 mg of DOCA, shaken up in 0.03—0.06 cc of 
saline, intramuscularly every day for 23 days. During this time the 
body weight rose rather more than normally. For the following 
13 — 20 days the animals were given rapidly decreasing DOCA doses 
until the body weight was falling steadily, which occurred at a dosage 
of 0.075 — 0.050 mg per day. The animals were kept on this dose for 
a further 21 — 38 days, after w'hich they were killed. Many were then 
extremely ill, some of them dying. They had been totally adrenalec- 
tomized for 65 — 86 days. No animal in this group showed any adrenal 
remains on dissection. 

A third group of 3 male rats, from the same litter as the animals 
in the second group, was given the same treatment as this latter 
group, although the body weight never fell. On dissection all 3 showed 
traces of adrenals, 10.6, 11.3 and 19.3 mgm in size. 

The same expansion of the control material took place in ex- 
periment 3 as in experiment 2 (see above). In addition, the weights 
of the thyroid and of the prostate + seminal vesicles of the hormone- 
treated animals in experiment 2 were used in the control material, 
since these weights did not differ from the normal. 

Results. As appears from fig. 4 there was a gradual fall m the 
final body weight after complete adrenalectomy and during the DOCA 
dosage, when compared wath that of the normal animals. The o y 
weight is, with a probability of 98.5; 100, lower than normal in le 
animals 65 — 86 days after adrenalectomy. 

The thyroid was with certainty lighter than normal only in 
group kept alive 65 — 86 days after adrenalectomy (fig- ] 

was already showing histological signs of incipient atrophy **5 
after the operation. That is to say, some of the follicles were enlarge . 
the epithelium was low in parts, and some of the colloi enser 
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Body wciglit according to age of 128 normal male rats, and lliat of adrenal' 
ectomized males at different times from the operation. D = — 17 + G.-i gms 
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normally. Atrophy of the same type but far more pronounced, ap- 
peared regularly 65—86 days after the operation. — The parathyroids, 
on the other hand, showed no certain changes in any group. The ac- 
cessory sex organs (prostate + seminal vesicles) showed definitely 
retarded growth even 25 days after the operation, and this was seen 



Fig. 6. , , 

Weight of prostate + seminal vesicles f wording to 
rats (including hormone4reated ^ext^, _ 

ectomized males. Dj - — 291 ± a mgms, 

more Clearly after 65-86 days A 

With the relative loss of weight; the epithelium m both g 
lower, finally resembling endothelium in parts, and the 

the vesicles became coarser. » c mprplv quaeested retard- 

25—86 days after the operation, the testes merely s gg ^ 

mized animals svas lower than normal 65-86 days 

““ Table 2 and ft*. 3 give the o^Hnes of 

in the anterior pituitary at different Ji 

ectomy: There was a chromophiles, together 

phobes and a decrease in the num hyaline basophiles. The 

an increase of hypertrophic amphophiles ^ ,,,as relatively 

increase of pycnotic basophiles, period when the 

small, and possibly reached its maximu /^^fter the opera- 

adrenal insufficiency was most acute (10 18 day 
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tion). These numerically 

perceptible increase in the size o ‘ .i„icd The dividing line 

arsed nuclei rvas^luilc 

Lrtincl" carlTas 24 diys afier ihe operation. Plainly, basopl.iles 
turned over into hypertrophic amphophilcs. 



Fig. 7. 

Weight of pituitary according to age of 32 normal male rats (including M 
DOCA-treated animals, see text), and that of adrcnalcctomizcd males at 
different times after the operation. Dj = + 0.75 + 0.2-4 mgms. D, = — 1.33 i 
0.37 mgms. Dj = + 1.41 + 0.29 mgms. 

Most of the registered hyaline basophilcs were large cells with 
large nuclei and hyaline scales in the protoplasm — ,i. c. like the 
pathological hasophilcs observed in Addison’s disease. Hut some of 
these cells in the rats (particularly later than 24 days afier the opera- 
tion) showed real hyaline fields in the protoplasm, and were striking- 
ly like Crooke’s hyaline basophilcs in Cushing’s disease — if indeed, 
they were not definitely identical (figs. 11 and 12). 

On the other hand, the acidophilcs, though fewer than normal, 
showed no cytological changes. 

In the incompletely adrcnalcclomizcd animals, the body weight 
67 days after the operations xvas found to be higher than normal 

~ i 12 gnis; P about 0.004), the kidneys possiblj' heavier 
than normal (D = 232 + 96 mgms), the thyroid, on the other hand, 

certainly lighter than normal (D = — 12 ± 1.6 mgms) but the testes 
1-11 + 36 mgms) and the accessory sex organs (D = + 14 + 
36 mgms )^ normal in weight. The pituitary was heavier than normal 

it showed only an increased number of 
acidophiles and hypertrophic ainphophiles and a lowered number of 
basophiles (cf. table 2). 
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Summing up, we can say that, after about a month, complete (but 
not incomplete) adrenalectomy of young male rats, combined with 
the minimal DOGA dosage, produced progressive hypohophy of tbc 
thyroid gland, the prostate gland, and the seminal vesicles, together 
with gradual loss of weight. The parathyroids were not changed 
histologically, and the testes and kidneys showed no definite effect, 
either as regards weight or histology. 
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vitli corucouuiJiiiv^ ' 

un ihn^e of Grollman and 

The results agree in ttie 'Nation of body growth and hypo- 

936 ) wWch authors obtained adrenal insufficienc, 

-> 80"— 

nterior pituitary. It is f”'‘"7"^\ery hormones menl.onod, 
re involved in the hormone. ^ ^ 

iso in the formation of the corl.co tropn ^drenaleeloms to M 

'“in spite of tW- tl« 
ollowed by distinct anterior pituitary. .ton in all 

■aised basophilic activi y pituitary hormone e Tins 

.peration caused a shift of th^^ corticotrophic hormone, 
probability to increased production 
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conccplion Inllies ^vilh Ihc earlier findiaga ot 

corlicolrophic hormone in Ihc anlenor ]>ilinlary and Ihc l)h.od 

clrange in lire adre„a,ee,„.„ired rala la UUe 

that in Addison’s disease, there is a difference m that 
of the hasophilcs is far in excess of regressive changes. I his nia> I t 
hccansc the experiments were too acute; tlic wciglit cur\c of ll'f 
pituitary after adrenalectomy, first rising and then falling m relation 
to the normal weight, may indicate a gradual regression of the temp- 
orarily raised function. • 

On the other hand, it is plain that the pituitary cliangc in tlic 
adrcnalectomizcd animals very greatly resembles that in the adreno- 
genital diseases. The results strongly suggest that the pituitary change 
in these diseases involved an enhanced corticotroiihic function, produc- 
ing hypcrfunction of the adrenal cortex as a secondary effect. 


Siimmartj 

It has previously heen shown that the adrenogenital diseases in 
man are all characterised hy fundamentally the same histological 
change in the anterior pituitary. The change, whose apiicarancc in- 
dicates a strong hasophilic activity, sets in regardless of whether the 
adrenal cortex in the individual case is the scat of adenoma, cancer, 
or merely hyperplasia, hut it is most iicrccptihlc when the adrenal 
growth is greatest. 

The question therefore is whether this pituitary change is the 
result of hyperfunction of the adrenal cortex, or whether it implies 
a raised corlicolrophic function, which produces hypcrfunction of 
the cortex in the adrenogenital diseases. 

Certain earlier ohservations suggest that the latter alternalivc is 
the correct one. For example, Addison’s disease has been observed to 


show pituitary changes indicating raised hasophilic activity similar to 
that in the adrenogenital diseases. A new case of this kind is reported. 

The question has been illustrated experimentally hy the following 
three tests, carried out on a total of 1*17 wliitc rats (128 males HI 
females, including controls). 


1. Control tests of Reiss’s corlicolrophic hormone were made on 3(5 
hypophyscctomizcd animals. The hormone had a sure corticolrojihic 
(anlisudanophobic) effect, hut no secondary effect of thyrolrophic 
actor or growth factor. A slight likelihood of gonadotrophic effect 
may have arisen through raised adrenal cortex function. 

rats^fo?3VTnd"r“‘' hormone was given to 18 normal male 
j for 30 104 days. The adrenals hecainc heavier. The hodv weiohl 

Snc“ «f ll.o‘ adrenal 

hoc "i'-i^ anterior pituitary .showed, primarilv, pvenosis of the 

bes, a rise m the acidophiles. and probalily a fall in the hasophilcs. 
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No hyaline basophiles appeared, and the number of hypertronhi. 
amphophdes did not increase. The change indicates reduced basophilic 
corresponding to a lowered corticotrophic function 

3. 33 male rats undervyent complete adrenalectomy, and were keni 
alive 10 86 days with an inadequate, decreasing dose of desoxycorlico- 
sterone acetate. After about a month, successive hypotrophy of the 
thyroid, the prostate, and the seminal vesicles set in; with time, there 
was also a relative fall in body weight. The weight of the pituitaiy 
began by rising, and then fell, in relation to the normal weight. The 
anterior pituitary showed clear and increasing sings of enhanced 
basophilic activity; the basophiles became larger, passed over into 
hypertrophic amphophiles, and hyaline basophiles appeared, some of 
them very like Crooke’s hyaline basophiles in the adrenogenital 
diseases. The total number of chromophiles fell, and the number of 
chromophobes rose. In all probability, the pituitary change indicates 
a raised production of corticotrophic hormone. 

The results argue strongly against the assumption that the pituitary 
change in the adrenogenital diseases are a result of hyperfunction of 
the adrenal cortex. They strongly suggest that the same pituitary 
change corresponds to a raised production of corticotrophic hormone, 
which produces hyperfunction of the adrenal cortex. 
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CAPSULAR ANTIGENS IN SOME NON-HAEMOLYTIC 
STREPTOCOCCI BELONGING TO THE LANGEFIELD 

GROUP D. 

By Knud Skadhauge. 

(Received for publication September 27th 1947). 

There is very little information in the literature about capsules 
in non-haemolytic streptococci. The Streptococcus bovis, described by 
Orla-Jensen, 1919,^) is said by this author to be able to form capsules 
in milk. Lewcovicz-) and later Schmitz^) claim to have seen capsules 
in enterococci, but it is not proven that the bacteria investigated by 
these authors were enterococci as the term is understood to-day. Also 
Dible/^) Bagger^) and in later years Sherman and his collaborators 
have been unable to demonstrate capsules in these organisms. In these 
papers the investigations on capsules have been carried out in all 
cases by non-serological methods. 

In 1944®) and 1945'^) March described two strains of Streptococcus 
salivarius giving capsular swelling a. m. Neufeld not only with ho- 
mologous serum but also with some antipneumococcal sera. In one 
of these cases Morch succeeded in staining the capsules with the 
technique of Muir, although it was not possible to demonstrate capsules 
in India-ink preparations ; w'hile in the other case capsules were clearly 
demonstrated by means of India-ink, but no success was obtained by 
Muir’s method. 


Authors own investigations. 

During systematic investigations on the serology of enterococci it 
was found that capsular swelling vvas produced by addition of 
homologous serum in a number of strains. The present paper contains 
a detailed account of the serological properties of these strains. It is 
thought that this may be of interest since capsules in enterococci as 
mentioned above have not hitherto been found, and especially since no 
information seems to have been published about capsular antigens in 
enterococci and related bacteria. 
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The term »cnlerococci« has been defined somewhat variously by 
different workers, hut it is possible to enumerate certain cultural and 
physical-chemical properties which seem to be especially charactciistic. 

According to Sherman and collaborators’*) tlic bacteria of tbe 
enterococcus group arc distinguishable from the other non-haemolytic 
streptococci by their: 

1) ability to grow at both 10° C and 45° C, 

2) abilitj’ to groAv in the presence of 6.5 per cent NaCl and at 
pH 9.6. 

Other characteristics arc the resistance of enterococci, to: 

3) Heat (resisting 60° for 30 minutes), 

4) mcthj’lcne blue (growth in the presence of 0.1 per cent me- 
thylene blue) and 

5) their powerful reducing action (reduce lithmus or methylene 
blue in milk before coagulation). 

On the basis of their cultural features Sherman^) sets up the fol- 
lowing types within the enterococcus group: 

Strcpiococcns fccalis and 

Strcptococcu.s liqncfacicns, both of which arc non-haemolytic and 
mannitol-fermenting. Str. liqncfacicns liquefies gelatin and may 
be regarded as a gelatin-liquefying variant of Str. fccalis. 

Streptococcus zijmopcncs and 

Streptococcus durans, both of which arc bcta-bacmolylic. Str. zy- 
mogcncs liquefies gelatin. In contrast to the other three types, 
Str. durans has a weak reducing action only and usually docs 
not ferment mannitol. 

In addition to these four types there is a beta-haemolytic, man- 
nitol-fermenting, non-gclatin-liqucfying variant of Str. fccalis. 

It is of particular significance in the diagnosis of the bacteria of 
the enterococcus group that SlicrmaiP'') as well as Graham & Hart- 
fey”) have been able to show that strains of all these four tyjics belong 
to Lanceficld’s group D. Thus in recent years there is an inclination 
to regard the term enterococcus as being synonymous with group D 
Streptococcus. 


The strains examined. 

The material comprises 12 strains (from a total of about 300 
enterococcus strains). Eight of the strains were isolated from infected 
appendices removed by appcndiceclomy (Nos. 7, 11, 15, 19, 20, 21, 
22 and 36), and the other four were cultivated from human feces; the 
specimens had been submitted for examination for pathogenic in- 
testinal bacteria, but these were not found present. 

Act.i path. Vol. XXV, 3. 
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Cultural features. 

In all cases the organisms were cocci which grew diffusely in fluid 
medium, and which were Gram-positive, oval to lanceolate diplococci, 
only exceptionally arranged in short chains. 

On agar plates containing 5 per cent horse blood they grew in the 
form of pin-head sized whitish colonies with a smooth surface and 
soft consistency, surrounded by a very narrow border of alpha-haenio- 
lysis. 

All the strains were capable of growing in broth with 6.5 per cent 
NaCl and at pH 9.6 as well as in skimmed milk with 0.1 per cent 
methylene blue. 

None of the strains liquefied gelatin. 

All the strains grew in broth at 10® C and at 45° C, and nine of 
them were able to grow at 50® C also. 

Heat-resistence tests showed that all the strains survived healing 
at 61° C for 30 minutes. Strains Nos. 7, 22, 157 and 244 resisted healing 
at 63® C, while Nos. 11, 15, 19, 20 and 21 tolerated heating at 65® C 
for 30 minutes. 

The heat-resistence tests were made in the following manner: about 
2 ml of a 20-hour broth culture were placed in a short test-tube which 
was closed with a sterile rubber stopper, whereafter it was lowered 
into a waterbath of the desired temperature. After exactly 30 minutes 
the tubes were lifted out, cooled briefly under the tap and then in- 
cubated at 37° C for about 20 hours. The incubated tubes were then 
seeded in broth and on to blood-agar plates. 

The reducing power of the strains was examined by seeding one 
Pasteurpipette drop of a 20-hour culture into skimmed milk (about 
8 ml) containing 0.02 per cent methylene blue. The reaction w'as read 
off after incubating at 37° C for: 2, 4, 6, 8, 12, 24 and 48 hours respect- 
ively. The degree of reduction was expressed as: ( + ), +, ++ and 
+ -F-t-, and the moment of coagulation ^vas marked (C). 

The results of these tests are shown in fig. 1 : 


Fig. i. 
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No. i 
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1 after number of hours 
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II was found that a considerable number of (yi)ical cnlcrococcus 
slrains tested by this technique showed strong reduction within the 
first 6 hours, and tlicrcfore it was considered justifiahlc to regard 
tlic present strains as weak- or non-reducing. 

For purposes of comparison the result of reduction tests on 10 
arbitrarily selected typical enterococcus strains are api)cndcd. (fig. 2). 


Fill. 2 . 


Strain 

No. 1 

Degree of reduction after 
4 ’ (> 

nuinber of hours 
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*r* T* 
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4- 4- 4- C 
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*r 4* 

-}- + 4- C 
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4- 4. 

4-4- + 
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The strains were tested for their ability to ferment arabinosc, 
lactose raffinose, inulin, glycerol, mannitol, sorbitol, salicin and 
acsculin. 

Except as regards their aclion on glycerol, all the slrains behaved 
in the same manner, all fermenting arahinose, lactose, mannitol, sali- 
cin and ae.sculin within 2-1 hours. One strain (Xo. 11) fermented 
glycerol within 2-1 hours, whereas with Ihe others the reaclion was 
not acid until the third day. 

None of the strains fermented raffinose, inulin or sor})ilol. 

Thus the strains investigated differed from the classical i)icturc of 
the bacteria of the enterococcus group l)y their inability, or only weakly 
manifcslcd ability, to reduce methylene blue in skimmed niilk, anil 
by their inability to ferment sorbitol. 


Serology . 

Precipitation tests were made with all the slrains, using sera of 
Laucefields groups A, B, C, 1). Iv, F. G. II and K. The only jiosilive 
reaction was with a group D serum, which precipitated all the slrains 

slrain^Tqi prepared by immunising with a 

England.’ •'o’’ Research in Dairying, Shinfield nr. Reading, 

Using all 12 slrains rabbit-immune sera were prepared emplovinc 

formol-killed culture as the antigen. ‘rcci, emplo^mg 


21 * 
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The results of cross-agglutination in a waterbath (50®) read after- 
20 hours, will be seen from fig. 4. 


Fig. i. 
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Obs! The strain No. 36 was found to be identical with strain No. 15. 


It was remarkable that the homologous titre for these strains was 
so relativelj' low, seeing that agglutination tests with a large number 
of typical enterococcus strains had shown that it was not difficult to 
obtain sera with a titre of 1280 up to 5120. The possibility was con- 
sidered that these strains possessed an antigen which was localized to 
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Ihc surface of the bacteria, perhaps a capsular antigen, which of itself 
gave a low litre and at the same time »covered« more deeply seated 
antigens. For the purjiose of discovering the presence of such a cap- 
sular antigen, all the strains were tested by the Neufeld method, a 
drop of a culture on a slide being mixed with a drop of undiluted 
homologous serum. Microscopic examination then revealed that when 
homologous serum was added all 12 strains gave a swelling reaction, 
but it was impossible in the unstained slide to distingush definitely 
between »capsule« and celt body. The intensity of the reaction varied 
somewhat in the different strains, but it was clearly seen in every 
case. In the most marked cases the volume of the bacterium increased 
to two or three times the original volume. On testing with a series of 
serum dilutions it was found that the titre of this swelling reaction 
was fairly uniform for all the strains, ranging from 16 to 64. The 
reaction was quite type-specific, appearing only after the addition of 
homologous scrum. 

By staining the cultures with the method of Muir and by making 
India-ink preparations without adding serum no demonstration of 
capsules was obtained. However, it seems doubtful how much weight 
should be attached to a negative result from staining methods and 
India-ink preparations. March’s cxperimcnls, in which these methods 
gave varying rc.sults, despite the fact that capsules were distinctly 
observed when serum was added, seem to argue that Ihese methods arc 
rather uncertain. 

In the demonstration of capsules in a Coli strain March & Knip- 
schildO^) stained the culture with a saturated solution of methylene 
blue simultaneonshj with the addition of the serum. The result was a 
handsome contrast between the stained cell body and the unstained, 
clear capsule. 

Using the same technique on the strains investigated it was pos- 
sible to distinguish between cell body and capsule, but the picture 
was scarcely as clear as in Morch & Knipschildt’s case. 

However, when using a concentrated solution of fuchsin and the 
same technique distinct capsules were demonstrated in all 12 strains. 
The contrast between the deeply red stained cell bodies and the clear, 
unstained capsules became very sharp after the fuchsin had acted 
for about ten minutes. 

Aceordingly it seemed justifiable to regard the above mentioned 
swelling as a capsular swelling reaction. 

In order to decide wbetber the age of the culture played any part 
m this reaction the Ncufeld-tcst was carried out with cultures which 
had been ineubated for 2, 4, 6, 12 and 20 hours, and finally with 
cultures incubated at 37" C for about 20 hours and then left at room 
temperature for three weeks. In all cases the capsular swelling re- 
action was distinctly marked, indicating that the age of the culture 
IS of no special significance. 
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Nor did the medium used for the cultures seem to play any role, 
pro%ided one used a medium in which the bacteria grew well. The re- 
action was tested with cultures from trypsin broth, scrum broth and 
ordinary filtered broth with 1 per cent glucose added, and was found 
to be equally pronounced in all cases. 

In order to decide whether trypsin treatment would destroy the 
antigen necessary to the reaction, cultures were employed which had 
been treated for 2 and 24 hours with trypsin. There was distinct 
capsular swelling in both cases. Thus trypsin treatment does not seem 
to destroy the capsular antigen. 

In analogy with the serological procedure for the bacteria of the 
Coli group, in which the 0-inagglutinability conditioned by capsular 
antigens can be abolished by subjecting tbe culture to heat, all cultures 
were autoclaved at 127“ C for two hours and then used as antigen in 
the Neufeld test as well as in the agglutination test. It was then found 
that after autoclaving capsular sw-elling could still be demonstrated 
in strains Nos. 7, 19, 20, 21, 22, 157, whereas it was lost in the other 
strains. It would thus seem that as regards some strains autoclaving 
destroys the antigen responsible for the capsular swelling reaction. 

TThe results of cross- agglutination tests in the waterbath, employing 
autoclaved cultures as antigen, will be seen from fig. 5: 


Fig. 5. 
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It will be observed that for strains Nos. 11, 15, 155, 158 and 244, the 
homologous litre was higher than that with formol-killed cultures. At 
the same time there now appeared a few small overlapping reactions. 
The titre increase was observed in the same strains which autoclaving 
had deprived of their ability to give a capsular swelling reaction. This 
suggests that antigens, uncovered by the destruction of the capsu ar 
antigen, had now become active. 

By absorbing all the sera with homologous autoclaved cultures it 
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was hoped lo find whether antibody would he left capable of causing 
the capsular swelling reaction with forinol-killcd culture; or, in othei 
words, whether the capsular antibody could he isolated in^thc manner 
described. These absorption tests showed that sera Nos. 7, 19, 20, 21, 
22 and 157 were completely emptied by absorption with the autoclaved 
homologous culture. With these absorbed sera no reaction could be 
observed in waterbath-agglutination tests or by the Neufcld method 
with formol-killed cultures as antigen. Sera Nos. 11, 15, 155, 158 and 
244 absorbed with autoclaved homologous cultures gave a distinct 
capsular swelling reaction with formol-killed cultures. Ihe jjresence 
of capsular antibody was not demonstrated by watcrbath-agglutina- 
tion, however. It may he that the abscense of a reaction to waterbath- 
agglutination was due to the agglutination titre for the capsular anti- 
body being below tbe limit of the scrum dilutions employed (1:20). 

Discussion. 

Culturally the strains examined in the present paper arc closely 
related to the enterococci, being able to grow at both 10" C and 45" C 
as well as in fluid medium containing 6,5 per cent NaCl and at pH 9,6. 
They were likewise resistant to heat and to methylene blue in a con- 
centration of 0,1 per cent. As regards fermentation, they differ from 
the classical description of the enterococci by their inability to ferment 
sorbitol. It is remarkable that the strains reduce methylene blue in 
milk weakly or not at all. Sherman, Matter & Stark, ^') however, have 
observed strains of Str. fccalis which behaved similarly, and they also 
stale that after prolonged cultivation in the laboratory other strains 
of Sir. fecalis arc liable to lose this power. 

It should also he pointed out lhal when cultivated on blood-agar all 
the strains exhibited alfa-hacmolysis. 

As mentioned above, all the strains reacted when precipitated 
against a group D scrum. It is debatable whether this reaction justifies 
the classification of these strains as enterococci. In precipitation tests 
with more than a hundred strains of Sir. bovis, Sherman'^') found lhal 
about 50 per cent of llicin gave a positive reaction against a group 
D scrum. In this connection it may be added lhal Grttmbacli^'') found 
that his enterococcus strains were strictly l 5 i)e-specific, using pre- 
cipitation tests. 

The question of the justification of regarding the enterococci and 
the group D streptococci as identical concepts, as also the question 
of the degree of specificity of a positive reaction with a group D serum, 
can hardly be said to have been decided at present. 

The present strains differ quite distinctly from pneumococci by 
their resistance lo bile, and can be distinguished from the group of 
» ’^iridans- slreplococci« and the Str. lactis group by their abililv lo 
grow at both 10" G and 45" C, in media containing 6,5 per cent NaCl 'and 
m media with a pH of 9,6. 
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Nevertheless, although culturally these strains seem to he very 
closely related to the bacteria of the enterococcus group and all gave 
a positive precipitation test with a group D serum, it will for the 
present he advisable to leave open the question of classifying them as 
enterococci having regard to the special serological features demon- 
strated above. 

From these investigations it seems evident that the strains in quest- 
ion are characterised by the posession of a type-specific antigen which 
produces capsular swelling when tested against homologous scrum 
on a slide. 

By means of staining with concentrated fuchsin solution and 
simultaneously adding homologous serum it was possible to demon- 
strate a distinct capsule, thus justifying regarding the antigen demon- 
strated as a capsular antigen. 

This capsular antigen seems to be fairly resistant. It remains un- 
changed regardless of the age of the culture, cannot be destroyed even 
by prolonged trypsin treatment, and is only occasionally destroyed 
by autoclaving the culture at 127® C for two hours. 

From agglutination tests in the waterbath, using formol-killed or 
autoclaved cultures as antigen, it would seem that the change in titre 
observed in some of the strains after autoclaving may be due to more 
deeply seated antigens, the reactions of which are masked by the 
capsular antigen when using formol-killed culture as antigen. 


Summarg. 

The author describes 12 non-haemolytic strains of streptococci 
which culturally and by precipitation reactions with a group D scrum 
are closely related to the bacteria of the enterococcus group. 

Serologically these strains are characterised by possession of a 
capsular antigen which produces distinct capsular swelling on ad- 
dition of homologous serum. 

The capsule can also be demonstrated by staining wth concentrated 
fuchsin solution and simultaneous addition of homologous serum. 

There would thus seem to be a capsular antigen not previously 
described. 

This antigen is completely resistant even to prolonged trypsin 
treatment and is relatively heat-resistant. 

Waterbath-agglutination, using formol-killed or autoclaved cultures 
as antigen, gives results which seem to indicate that this capsular 
antigen is capable of masking the reaction of more deeply seated an- 
tigens. 

By means of absorption experiments it was possible in some instan- 
ces to produce sera containing the antibody responsible for the capsu ar 
swelling reaction only. 
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Resume. 

Description dc 12 souclies dc Slreplocoqiics non hemolyliqucs qni 
par Icurs caraclercs el leurs precipitation avcc iin serum du groupc D 
dc Lanceficld sc rapproclicnl dcs Enlerocoqiics. 

ScrologiquctrTcnl ccs souchcs soul characlcrisees par Ic fail que cn 
presence d’un anliserinn liomoloquc il se produil un gonflctncnl dc 
capsules tres net; I’adjonclion simul lance d’unc solution dc fuchsine 
concentrcc inontrc un conlrasle frappanl enlrc Ics corps niicrobicns 
fortemenl colorcs et leurs capsules incolorcs. 

II cst possible de mcllre cn evidence un anligcnc capsulairc qui nc 
scmblc pas avoir etc decril jusqu’a present. 

Get antigenc resislc a un trailcnienl prolonge par la Irypsinc. II 
est rclalivement thcrmorcsislant. En cffcl, apres deux hcures d’auto- 
clave on constate quo cel antigenc capsulaire cst delruil dans 50 % 
des souchcs seulcmcnl. 

L’agglulinalion au bain-marie a 50" C, praliqncc sur dcs gcrmcs 
lues soil par le formol, soil ii rauloclavc aiirail monlrc que cel 
antigenc capsulairc scmblc »couvrir« d’aulrcs anligencs. 

Des eprcuvcs d’adsorption onl pcrmis dans certains cas d’oblcnir 
dcs serums conlcnanl uniqucmcnl Ics anticorj)s capabics dc provoqucr 
un gonflcmcnl dc capsules. 
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Fig. 7. 

Demonstration of capsules by staining with fuclisin and simultaneous ad 

dition of homologous serum. 
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In Denmark, as everywhere in the world, diphtheria was formerly 
a disease which mainly attacked children. The ratio of morbidity be- 
tween the number of adults and children ■was fairly constantly 1 :3, 
and the case fatality rate fluctuated between 3 and 8 %, usually being 
highest in years when the fewest cases of diphtheria were notified. 

Matters continued in the same way in the first years of World 
War II, but in 1942 a change began to appear, the ratio for this year 
being 1:1.3 in both towm and country. In 1943 it increased to 1.8:1, 
in 1944 to 2.6:1 and in 1945 to 2.8:1. 

Before the war, practically all diphtheria vvas caused by diphtheria 
bacilli of the tj'pes intermedins and mifis, only very few cases, caused 
by infection from abroad, being due to the gravis type. The latter came 
to this country with the German occupation troops and a very con- 
siderable percentage of the diphtheria occurring in the later half of 
the wmr was caused by it. Tire fatality rate rose at the same time. In 
1945 the total diphtheria fatality rate was 10.9 %, and children under 
15 years had a still higher figure, 17 % (Ammundsen et al. 1946). 

Table I shows the number of diphtheria cases distributed over 
Copenhagen, provincial towns and rural areas as well as the number 
of deaths from the disease and the case fatality rales, all for the 
years 1938 to 1945 inclusive. It may be added that there w’as much 
less diphtheria in 1946, the total number of cases being 987. 

In order to meet the increased risk of epidemics, a vigorous 
campaign was started in the autumn of 1941 for the immunization 
of children, and a little later the propaganda was extended to adults. 
Since then, at least 90 % of the children between the ages of 1 and 
15 have been immunized. A considerable number of grown-ups have 
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also been immunized; there are no actual statistics, but the total may 
be estimated at 35 to 40 %. 

The change in the ratio of the morbidity in adults to that m 
children is undoubtedly connected with the very widespread immuniza- 
tion of children and the much lower immunization figures for adults. 
This explanation is further supported by the fact that almost all those 
who contracted diphtheria during the past few years either were not 
immunized or had not completed the immunization (Bojlen, 1943; 
Ammundsen et al. 1946). 

Most investigations made previously on the subject of diphtheria 
immunization have naturally been confined to children, and there- 
fore when adults became involved there were still a number of ques- 
tions requiring elucidation. At an early stage it was noticed that 
adults often suffer from severe reactions during diphtheria immuniza- 
tion, even when the prophylactics are of a highly purified nature. 
For this reason, the precaution was taken to inject adults with a 
prophylactic only half as strong as that used for children. But not- 
withstanding this precaution, unpleasant complications were not 
avoided, it being not uncommon to have pyrexia, severe malaise and 
confinement to bed for several days after tbe inoculation. For persons 
who for various reasons might he assumed to be hypersensitive, or in 
cases where it was especially desirable to avoid a severe reaction if 
possible, we injected four doses of 0.2 ml. instead of the usual two 
doses of 1 ml., according to the common assumption that several small 
doses administered over a certain period produce the same or a greater 
effect than one large dose (Park & Schroder, 1932; Povitzky, 1932; 
Kern et al. 1935). This procedure for hypersensitive adults is in 
general use all over the world, though to our knowledge literature 
does not contain decisive evidence of its efficacity. Consequently, we 
wished to determine: 1) whether, in respect of -the production of anti- 
toxin, the »small-dose method« employed by us in certain cases is 
the equal of the usual routine method, 2) whether this procedure could 
be simplified as suggested by J. Ipsen, i. e. the number of injections 
being reduced from 4 to 3, 3) whether the dose (1 ml.) so far employed 
for mass immunization could be halved, and 4) whether the frequency 
and degree of the complications decreased with the dosage employed. 

An investigation of this kind is only feasible if a sufficient number 
of volunteers are willing to give the necessary number of blood samples 
for antitoxin determination. When, in November 1944, our Institute 
\yas requested to undertake, free of charge, the collective immuniza- 
tion of the people living in a fairly well segregated dwelling quarter 
of Copenhagen (Ryparken), and also, at the request of the City Cor- 
poration of Copenhagen, the vaccination of the personnel working at 
the City Hall, the Institute agreed provided blood samples could be 
taken and a questionnaire submitted. 
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The following dosages were tested: 

1.2X1 ml. (corresponding to 25 Lf units per dose) with a four 
week interval (the usual method employed in Denmark in the 
immunization of adults). 

2. 2 X 0.5 ml. (i. e. 12.5 Lf units per dose) with a four-week 
interval. 

3. 4 X 0.2 ml. (i. e. 5 Lf units per dose) with a one-week interval 
between the first and second injections, three weeks between 
second and third, and one W'eek between third and fourth. This 
method had hitherto been selected when a milder course was 
advisable. 

4. 3 X 0.2 ml. (e. e. 5 Lf units per dose) with a hvo-week interval 
betw’een injections. 

5. 2 X 0.2 ml. (i. e. 5 Lf units per dose) with a four-week interval 
between injections. 


The last group was included in order to find out which interval 
was to he preferred, it having been suggested that an interval of one 
week behveen the hvo injections in Group 3 was so short that they 
might act as only one injection (Glenny & Siidmerscn, 1920 — 21). But 
as the immunization took place during a threatening epidemic, a.s 
already mentioned, it was considered indefensible to run the risk of 
immunizing Group 5 with only two small doses, and therefore this 
group was given an additional injection of 1 ml. two weeks after the 
second injection. 

Blood samples for determining the natural antitoxin were taken 
from every person before inoculation. In the data which follow the 
antitoxin content of this blood sample will be called AT^. In the 
case of Groups 1, 3, 4 and 5, a blood sample (ATj) was taken four 
w'ceks after the first injection; with Groups 1, 2, 4 and 5 another 
(ATg) six weeks, and with Grdup 3 seven weeks, after the 1st in- 
jection, corresponding to two weeks after the last injection. A year 
later another blood sample (AT^) was taken with all groups before 
the final injection. All the titrations were made according to Claii.s 
Jensen’s intracutaneous rabbit method (1933). The dosage of the 
groups and the dates of the blood samples are shown in Fig. 1. 

Groups 1, 3, 4 and 5 comprise the people living in »Ryparken«. 
The distribution of persons in the various groups was quite arbitrary. 
Group 2 (2 X 0.5 ml.) consists of some of the personnel of the Copen- 
hagen City Hall. 



323 


Fig. i. 

Dosage and Date of AnlUoxin Measureinciit. 


Weeks after first injection 


Group 

« i 

1 

2 

3 

4 

5 

»•- 

c. i>2 

1 

1.0 ml 



1 

1.0 ml 

! 


1.0 ml 

2*) 

0.5 » 




0.5 » 


1 

0.5 » 

3**) 

0.2 > 

0.2 ml 



0.2 > 

0.2 ml 


0.2 » 

4 ' 

0.2 > 


0.2 ml 


0.2 > 



0.2 > 

5 

0.2 » 




0.2 » 

i 

1.0 ml 

0.2 . 

Date of antitoxin 

AT, 




ATj 


AT., 

AT3 

measurement 










*) No ATj measurement made in this group. 

**) In tins gi'oup AT, is measured in the 711) week, i. e. two weeks aficr the 
last of the two collective injections. 


The Prophijlaciic. 

The danish prophylactic is a highly purified toxoid adsorbed on 
to 10 per cent by volume of aluminium hj'droxide (Schmidt & Hansen, 
1933). The toxoid is purified by ultra-filtration through acetic acid- 
collodion membranes (Sierakowski & Zajdel, 1929; Scheibel, 1944). 
1 in 10.000 merthiolate is added as aii antiseptic to the prophylactic 
and after ampouling it is heated for half an hour at 56® to safeguard 
sterility. 

The same batch of prophylactic was employed for all injections. 
It contained 25 Lf units per ml. The nitrogen content was 0.0016 mg, 
per Lf unit and the concentration of ALOj in the final prophylactic 
was about 2 mg. per ml. The antigenicity of the prophylactic was 
controlled on guinea-pigs by the method of Prigge (1935). A dilution 
corresponding to 50 Lf units per ml. was employed for the antigenicity 
test. At this dilution the prophylactic contained 130 — 320 protective 
units per ml. The injections were given subcutaneously in the regio 
supraspinata. 


Natural Antitoxin. 

First we give a survey of the distribution according to natural anti- 
toxin within the various age groups. 

The distribution of ATg proved to be the same in the two popula- 
tions investigated. Tlierefore Table 2 comprises a total of 682 persons, 
65 of whom had previously had clinical diphtheria. Of those who had 
not had diphtheria 61.2 % in the age group 15 — 29 years did not have 
measurable quantities of natural antitoxin in their serum. In the age 
group 30 49 years, the corresponding figure was 40.2 % . The probabi- 
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Table 2. 

Distribution according to Nahiral Antitoxin. 


Age 


15- 

-29 




m 

■ 

■ 

50- 

-74 



AT 

0 

Previous Dipht. 

^ ^ 

Previous Dipht. 

Previous Dipht. 

Previous Dipht. 

units 
per ml 

+ 

- 

- 

+ 

- 

- 

+ 

- 

- 

+ 



No, 

% 

No. 

7o- 

No. 

% 

No. 

7o 

No. 

7. 

No. 

7o 

Total 

Tolnl 

< 0.001 

5 

35.7 

41 

61.2 

14 

41.2 

184 

40.2 

7 

41.2 

31 

33.6 



0.001-0.01 

3 

21.4 

5 

7.5 

6 

17.6 

58 

12.7 

2 

11.8 

16 

17.4 



0.01-0.1 

4 

28.6 

12 

17.9 

6 

17.6 

121 

26.5 

5 

29.4 

29 

31.5 



0.1-1 

2 

14.3 

7 

10.4 

7 

mm 

83 

18.1 

3 

17.7 

14 

15.2 



> 1 



2 

3.0 

1 

2.9 

12 

2.6 

0 

0.0 

2 

2.2 



Total 

14 


67 


34 


458 


17 


92 


65 

617 


lity »P« of obtaining as great a deviation as that found can be calculated 
from the binomial law. When »P« is less than 5 % it is usual to reject 
the hypothesis under test. The calculation in question gives P = 0.14 % 
and hence the difference found is highly significant, and we may 
regard it as an established fact that there are more people with natural 
antitoxin in the age group 30 — 49 years than in the 15 — 29 year 
group. After the 30th year w'e can demonstrate no increase in the num- 
ber of people with measurable antitoxin, the difference between 40.2 
and 33.6 % not being significant (P = 31.4 %). People having more 
than 0.01 unit per ml. are usually considered to be protected against 
diphtheria. This limit leads to similar results: Under 30 years 68.7 % 
unprotected compared with 52.9 % in the age group 30 — 49 ; this gives 
P = 1.8 %, i. e. a significant difference, W’hereas the group 50 — 74 
years has 51 % unprotected, or very nearly the same number as in 
the group 30 — 49 years (52.9 %). In an almost simultaneous investiga- 
tion made in Copenhagen Ipsen (1946) found the same age limit for 
the increase in natural immunity^ and he also found approximately 
the same distribution of protected and unprotected persons within 
the various age groups. 

On comparing the group of those w'ho have previously suffered 
from clinical diphtheria with the group of those w’ho have not, we sec 
that there is no difference beUveen these two groups. The most marked 
deviation occurs in the age group 15 — 29 years among those contain- 
ing <0.001 unit, viz. 35.7 % against 61.2 %. As the diphtheria group 
comprises only' 5 persons, how’ever, this difference is not significant, 
P being 14.2 %. If we put the limit at 0.01 unit the similarity of the 
two groups becomes even more conspicuous, the percentages in the 
three age groups being respectively 57.1 against 68.7, 58.8 against 
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52.9 and 53.0 against 51.0. Thus wc can find no greater natural im- 
munity among persons who previously' (at least ten years eailier in 
the present investigation) had clinical diphtheria than among those 
who have not had the disease. This agrees with Strom s investigations 
in Oslo (1942) and Ipsen’s in Copenhagen (1946), as well as with the 
observation often made earlier that clinical diphtheria by no means 
always causes production of antitoxin in convalescents (inter al. Ivaia- 
sawa & Schick, 1910; Otto, 1914; Rosling, 1929; Hamburger & Sicgl, 
1929; Madsen, 1939). 

As was observed by Glcnny ct Si'idmcrsen in 1920 and by many 
others afterwards, there is a very pronounced difference between the 
effect of an injection of anligcn in a sensitized and a non-sensitized 
individual. In a sensitized individual there will usually he more or 
less natural diphtheria antitoxin, and even infinitesimal quantities arc 
of very great importance to the result of immunization. This is clearly 
illustrated by Table 3, which shows the antitoxin production in Group 
1 after a single injection of 1 ml., partly in persons with no natural 
antitoxin and partly in persons with antitoxin in just measurable 
quantities. 


Table 3. 


AT„ 

Number 

AT, 

units per ml 

of individunls 

units jicr ml 

< 0.001 

40 ^ 

0.0087 

0.001-0.01 

9 

28.2 


As a consequence, our investigation of the dependence of the 
production of antitoxin on the dosage includes only persons with an 
ATq value of <0.001 unit per ml. 


Sex, Age and Antitoxin Production. 

In a number of diagrams on which the antitoxin titres were plotted 
against the age, and the sexes shown separately, we found no connec- 
tion between the production of antitoxin and the sex or age. This ap- 
plies as well to the AT^ measurement as to the subsequent antitoxin 
determinations. 

One of these diagrams is given here as an example. 

This conforms to the investigations of Fulton ct al. (1942) on 
children and young people up to 18 years of age, and to Scheibcl & 
Bojlen s investigation (1947) on combined diphtheria-tetanus im- 
munization of persons between 5 and 30 years. 

In the sections which follow sex and age will therefore be dis- 
regarded. 

Acta path. Vol. XXV, 3. 


22 



326 


H- 2,0- 


+ 1,0- 


0- 

- 1,0- 

7t • • , 

• 

yt. 

y. 

- 2.0- 

y * 

« 

y 

• 

- 3,0- 

y y. y • •• y» 

1 1 - 


TL ' ' I I i r- 

• 5 25 35 45 55 65 70 


Age 
Fiff. 2. 

Showing the correlation between age, sex and antitoxin-production. 


Dose, Interval and Antitoxin Production. 

Table 4 summarizes the antitoxin titres (ATJ four weeks after 
the first injection. 


Table 4. 

litre of Antitoxin 4 Weeks after First Injection. 
AT,. 


Group 

Dose & 
Interval 

No. 

Average Titre 
units per ml 

Protected 
(>0.01 units) 

Standard 

Deviation 

1 

1 ml 

40 

Log. A. u. 
— 2.06 

Geom. mean 
0.0087 

% 

45.0 

1.42 

3 

EHanEi™ 

43 

— 1.92 

0.012 

60.5 

1.77 

4 


27 

— 0.86 

0.138 

88.9 

1.12 

5 

Mi 

40 

— 3.39 

i 

0.00041 

32.5 

2.3,') 


Group 2 does not appear in this table because, as already slated, 
ATj was not measured on this group. Column 2 shows the quantity 
of prophylactic given prior to AT, and also the intervals between injec- 
tions. In columns 4 and 5 the »mean titres« are shown, flie logarithm 
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of the measurable lilies seemed lo follow a normal dislribulion, ) 
At this stage of the immunization, however, some of the litres were 
below the limit of what can he determined by the measuring techni- 
que, and accordingly the distribution became truncated. As a conse- 
quence, the simple mean litre must be corrected with regard to the 
truncation. The mean logarithmic litres of column 4 arc corrected ac- 
cording to Hald (1945), and column 5 gives the corresponding anti- 
logarithms. 

An examination of the litres at Ibis early stage of the immuniza- 
tion reveals certain differences between the various dosages which 
do not appear in the final results. A statistical lest showed that the 
means differed significantly. Presumably the deviation is due lo the 
immunization methods. If however we first compare Groujis 1 and 3, 
i. c. the ordinary routine immunization and the »small dosc« method, 
we find, that they arc very much alike as regards the mean litre. A 
statistical examination shows that the small differences found maj' 
he quite accidental; thus we gel the same effect with two small doses 
given one week apart and aggregating less than half of the single 
larger dose, as with a single large dose in accordance with the experi- 
ments referred lo by c. g. Park ct al. (1932) and Povilsky (1932). 
If the interval is extended lo two weeks, a comparison between Groups 
3 and 4 shows a marked increase in the production of antitoxin. As 
this difference is 2.97 limes the standard error it is clearly significant, 
the 5 %, 1 % and 0.1 % levels of the multiple being 1.96, 2.58 and 
3.29 in sufficiently large samples. 

As staled in the introduction, one of the objects of this work was 
lo ascertain whether the two injections in Grou]) 3 were given at 
so short an interval that they acted merely as one injection. Some 
light on this question may he thrown by a comparison of Groups 3 
and 5. The geometrical litres for these two groups four weeks after 
the first dose are 0.012 and 0.00041 respectively; dcsi)ilc the very wide 
variation within each group, the difference proves to he significant 
(1~2.56); thus there is a distinct effect from both injections in 
Group 3, though much less than when the interval is two weeks (Group 
4). If finally a comparison is made between the two groups in which 
there was only one injection given (Groups 1 and 5), we find that the 
larger dose causes the greater production of antitoxin (I = 2.41). The 
fact that there is some dependence — though not particularly pronoun- 
ced — between dose and antigenic effect was also found inter al. by 
Ramon & Nelis (1931), Kreilz (1932), Povilzky (1932), and Claus 
Jensen (1937), whereas certain other workers, including Paschlau 
(1939) and Schall & Lammerl (1938), with the doses comprised in 


) riic consequence is tl\nt nil statistical tests are made on the basis of 
are standard deviation of the logarithmic titres, which therefore 

iwacUcal aiprlisal.'' employed in the 
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their experiments found no relation between dose and antigenic ef- 
fect. This effect depends largely upon whether the doses applied cor- 
respond to the steep part or to one of the flat parts of the dose-reaction 
curve; this may explain the diverging results. 

Although the mean titre together with the standard deviation in 
principle gives a complete description of the state of immunity in 
a group, a direct statement of how many persons are considered protect- 
ed, i. e. have produced more than 0.01 a. u. per ml., is rather illu- 
strative. The relative number of protected persons is given in Table 4 
column 6. A statistical test (the t- test) shows that these percentages 
deviate significantly from one another. More detailed information is 
'obtained by comparing the groups two by two. Groups 1 and 3 do 
not differ significantly (P >20 %) ; this means that also in the degree 
of protection we can demonstrate no difference between two injections 
of 0.2 ml. administered at an interval of one week and a single in- 
jection of 1 ml. Neither do groups 1 and 5 differ significantly, which 
means that 1 ml. did not give a higher percentage of protection than 
0.2 ml., although the larger dose, as the average titres show, causes 
a higher production of antitoxin. Evidently, the larger dose engenders 
a greater production of antitoxin only in those individuals where pro- 
duction starts at all after a single injection, but, what is more im- 
portant in the practical prevention of diphtheria, does not bring more 
individuals to produce sufficient antitoxin. 

The fact that two doses separated only by a week are superior 
in antigenic effect to a single dose of the same volume is also demon- 
strable wth regard to the degree of protection, the difference between 
the percentages in Groups 3 and 5 being highly significant (P = 0.75%). 
It is clear too, that an interval of two weeks is more favourable than 
one of one week, as Group 4 has 88.9 % protected compared with 
60.5 % in Group 3 (P = 1.4 %). 

Table 5. 

Titre of Antitoxin 2 Weeks after the Last Injection. 


ATj. 



Group 

Dose & 
Interval 

No. 

Average Tilre 
units per ml 

Protected 
(>0.01 units) 

Standard 

Deviation 

1 

2X1 ml 

39 

Log. A. u. 
— 0.29 

Geom. mean 
0.51 

o/o 

100.0 

0.85 


4 weeks 





0.93 

2 

2X0.5 ml 

76 

— 0.41 

0.39 

97.4 


4 weeks 






3 

4X0-2 ml 

42 

-0.12 

0.76 

100.0 

0.67 


1-3-1 week 






4 

3X0.2 ml 

30 

— 0.48 

0.33 

93.3 

0.97 


2 weeks 





0.96 

0 

2X0.2 ml 

40 

— 0.51 

0.31 

92.5 


4 weeks 
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Table 5 shows the mean litres (AT,) six weeks after the first 
injection. In column 2 we have entered the treatment preceding this 
antitoxin determination. As will he seen from Fig. 1, the blood sample 
for this test (AT,) was taken two wrecks after the last injection in 
all groups. At this stage of the immunization we found no dif- 
ference in the effect of the different doses; the litres showed a normal 
distribution without truncation, and a statistical lest revealed that 
the variation of the mean litres is no greater than what might have 
happened fortuitously. Even Group 5, which received only 2 X 0.2 
ml. or a fifth of that in Group 1 is on a level with the other groups. 
The same is reflected in the protection percentages. In Groups 1 and 3, 
all those immunized have a litre of at least 0.01 unit per ml., and 
in the other three groups we find only respectively 2, 2 and 3 persons, 
corresponding to 2.6, 6.7 and 7.5 %, who have not exceded this limit. 
These fluctuations are of such an order llial obviously no importance 
can be attached to them; moreover, these seven persons all formed 
measurable antitoxin, the individual litres being 0.005 and 0.0063 unit 
in Group 2, 0.0075 and 0.008 unit in Group 4, and 0.002, .0.005 and 
0.006 unit in Group 5. 

It will thus bo seen that the interdependence hclwccn dosage and 
antibody production which is demonstrable to some degree at the first 
stage of the immunization becomes effaced when more injections are 
given. 

A comparison between AT, for Group 4 (Table 4) and AT, for 
Group 5 (Table 5) shows, in contrast to the conspicuous difference 
caused by increasing the interval from one to two weeks, no greater 
effect in the immunization by making the interval four weeks instead 
of two. The two mean litres are 0.14 and 0.31, a difference, which 
may ho quite fortuitous (1= 1.33). Also, the protection percentages 
are very close together — 88.9 and 92.5; the 11.1 % unprotected in 
Group 4 represents three persons all containing some antitoxin : 0.003, 
0.003 and 0.006 unit. 


A striking point is the slight effect of the third dose in Group 4. 
Prior to this injection the mean litre was 0.14 and fourteen days 
later 0.33 unit per ml., an increase of only 2.4 limes, whereas at the 


corresponding lime in the other three groups where AT, was measured 
the antitoxin increase was 39.2, 29.3 and 520 limes respectively. It 
seems as if the maximum effect was already obtained in Group 4 after 
the second dose, and that the third dose need not have been given, at 
any rate as far as the immediate result is concerned. This is supported 
by ihe standard deviation (Column 6 in Tables 4 and 5), Group 4 
having a significantly smaller standard deviation at AT, than the 
other three groups, and practically the same deviation at AT and AT,, 
whereas the other three groups record a much greater standard devia*- 
lon at at, than at AT,. This is in line with the general observation 
that the yanabihly is greatest in the still incomplete phase of a process 
and declines towards the termination. 
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Does the Duration of Immunity depend upon Dosage? 

As stated above, another blood sample for antitoxin detcrminalion 
^Tg) was taken a year after the commencement of the immunization 
The results are summarized in Table 6. 


Table 6. 

litre of Antitoxin One Year after Immunization 

AT3. 


Group 

Dose & 
Interval 

No. 

Average Titre 
units per ml 

Protected 
00.01 units) 

Standard 

Deviation 




Log. A. u. 

Geom. mean 

% 


1 

2X1 ml 

4 weeks 

25 

— 1.19 

0.065 

100,0 

0.61 

2 

2X0.5 ml 

4 weeks 

37 

-1.26 

0.055 

97.3 

0.71 

3 

4X0.2 ml 
1-3-1 week 

26 

— 1.15 

0.071 

96.2 

0.75 

4 

3 xO.2 ml 

2 weeks 
(2X0.2 ml 

18 

-0.89 

0.13 

94 5 

0.85 

5 

{1x1 ml 
(4-2 weeks 

20 

-1.13 

0.074 

100.0 

0.46 


Here again the titres have a normal distribution without truncation, 
and the mean titres and protection percentages are not significantly 
different. This apparently means that the duration of immunity is 
unaffected by the different methods of immunization employed within 
the period of the investigation. By means of guineapig tests Farago 
in 1935 showed that the longer an antigenic action lasts, the less does 
the antitoxin titre fall.' In this connection it is really surprising that 
the larger doses do not have a more stabilizing influence on the anti- 
toxin level than the small doses. Group 1, for example, received more 
than three times as much antigen as Group 4. The explanation, 
however, must he that even with the smallest doses employed in this 
investigation we are on the flat part of the dose-response curve where 
even very marked increments in the antigen concentration have prac- 
tically no effect. 

Whether or not a dosage of twice 0.2 ml., corresponding to a 
total -of 10 Lf units will suffice to ensure immunity to the same 
degree within the first year is a question which, unfortunately, is not 
answ’ered hy our experiments; at the time the investigation took 
place the epidemiological conditions w'ere so serious that we considered 
it indefensible to rely on a dose which might perhaps prove to be loo 
small, for w’hich reason \ve gave this group (Group 5) a third injection 
of 1 ml. = 25 Lf units at the time wdien the AT„ blood sample was 
taken. Another experimental series may possibly decide whether or not 
the result a y'ear after immunization is independent of this extra 
dose. 
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Next we have examined whether there is any relation between the 
AT and AT titres, i. c. between the litres six weeks and a year aftei 
Urn heghmin’g of the immnnix.ation. For this pnrpose we divided he 
AT„ titres into groups rising with the quotient 10, and calculated the 
mean titres for the various groups and the corresponding mean titres o 

Al\. 



Fi'j. -V. 

Showing the relation between AT„ and AT^. 


These two sets of mean titres arc plotted against each other in Fig. 
3, the ATj titres along the abscissa and the AT, litres along the 
ordinate. If the litres had not decreased the mean litres would have 
grouped themselves about the lidcnlity linc« drawn in the diagram. 
Tliis is the case in the lowest group of litres (0.01 — 0.1 ), whereas there 
is a fairlj' uniform fall in the other three litre groups, which means 
that litres between 0.01 and 0.1 units remained unchanged during the 
period, whereas litres exceeding 0.1 unit deteriorated five to ten limes. 
The conclusion to he drawn from this observation must he that it is 
more or less immaterial whether the litre immediately after imnuiniza- 
lion is 0.1 — 1 or ten lime less as this difference after some lime will dis- 
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appear. On the other hand, titres of more than 0.1—1 unit will nUn 
correspondingly higher a year later. 

Immediately after the AT, blood sample was taken, the immuni 
zation was completed with a booster dose for all who were available 
at this time. Group 1 received 1 ml., Group 2 0.5 ml., and Groups *3 4 
and 5 0.2 ml. However, as time went on it was difficult to persuade 
the whole population-group to continue; therefore, as antitoxic values 
were high before this injection (AT, titres. Table 6), the only blood 
samples taken two weeks later (ATJ for judging the effect of the 
last injection were from persons whose AT, was lower than about 
0.05 unit. 


Table 7. 

Titre of Antitoxin 2 Weeks after Boosting Dose. 
AT,. 


1 

Group 

Dose 

No. 

Average Titre 
units per ml 

Protected 
{>0.01 units) 

Standard 

Devi.nlion 


mm 


1 Log. A. u. 

Geoni. mean 

»/o 

■■■ 

1 


12 

0.34 

2.18 

100.0 


2 


18 

1 0.16 

1.45 

100.0 


3-4—5 


23 

0.31 

2.04 

100.0 

0.47 


Tire means of these titrations are given in Table 7, from which 
emerges the fact that, likewise with the booster dose we arc unable 
to demonstrate any correlation of antitoxin increase with size of dose. 

As has been stated only persons whose AT, value was lower than 
0.001 unit per ml. figure are recorded in the preceding investigation. 
However, the injections and the blood sampling wmre carried through 
with all who turned up for inoculation, regardless of their AT„ value. 
The blood samples from the naturally immune were titrated later, 
though the titration was not carried beyond 90 units per ml. On exam- 
ining the titres we found a marked difference between the antitoxin 
production of the naturall 5 " immune and of those who did not original- 
ly possess natural antitoxin, but w’ho now% as a result of the first 
injections, had reached the same level of antitoxin as the nalurallj 
immune prior to vaccination. When these two groups were given the 
same antigen dose (corresponding to the first dose for the naturally 
immune and the second dose for the artificially immunized) the in- 
crease of antitoxin wms many times greater in the naturally immune 
group (Fig. 4). 

Along the abscissa are plotted the mean titres for AT, for Uic 
naturally immune and for AT, for the artificially immunized calculated 
as described for fig. 3, and along the ordinate the means of the cor- 
responding AT, and AT, titres. The identity line indicates the placing 
of the points if there had been no increase in titre. As the curves 
showed the same course regardless of the dose, only one is drawn. 
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Fifif. 4. 

Showbig the difference of antitoxin prodnclion in vatnral and artificial iin- 
rminized individuals after an additional dose of proplujlaclic. 

viz. that for Group 1. It will be seen from the diagram that there is 
a very marked difference in the effect of the injection, particularly as 
regards the lowest titres, although the level of antitoxin prior to 
immunization was the same for the two groups. For the higher titres 
the difference is less conspicuous, in conformity with what two of us 
have shown earlier (Bojlen and Scheibel, 1941). It may of course 
be maintained that the two series of mean titres are not directly 
comparable, as the ATj sample for the naturally immune was taken 
four weeks and the AT„ sample for the artificially immunized two 
weeks after the injection. However the maximum antitoxin content 
after immunization of a sensitized organism is usually attained in one 
or two weeks (Glenny et al. 1920 — ^21) so there is no reason to believe 
that the difference would have been less pronounced if the sample of 
the naturally immune group had also been taken two weeks after 
the injection. 

As to the cause of this difference in antitoxin response we can at 
present only guess. On account of the wide distribution of diphtheria 
bacilli it would seem natural to imagine that under normal conditions 
all are exposed to the same risk of latent infection, but that only good 
antitoxin-producers react to this contact with a measurable antitoxin 
production. This differing ability to produce antitoxin might also 
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manifest itself under the much stronger antigenic action of an ncliv,. 
immunization. It might also be possible that the time behveen sensiti- 
zation and the next antigenic influence plays some role (Glenny cl a! 
1 - 920 ' ' 2 1 ) • 


Reactions. 


In the present investigation it was impracticable to examine every 
person immunized and therefore we have had to rely on each in- 
dividual’s own observations. 

It will always be difficult to frame a questionnaire that will cover 
briefly various types of symptoms and at the same time leave as little 
scope as possible for the individual opinions of patients and question- 
ers, while simultaneously permitting of a classification of the informa- 
tion collected on anything like an objective basis. 

We found that it served our purpose best to pay only little attention 
to vague symptoms, these often being determined more by the psyche 
of the patient than by the actual reaction; our questions were there- 
fore devised to collect information on more well-defined local symp- 
toms such as tenderness, infiltration and muscular pain, and on 
general symptoms like increased temperature. 

After collecting and examining the answers we have set up three 
degrees of reaction, designated 0, 1 and 2. 

0 represents persons who either had no reaction or only insigni- 
ficant local and general reactions, e. g. very slight tenderness and 
infiltration as well as very brief and very slight temperature increase 
(<38.5“ less than one day) when the latter was unaccompanied by 
other symptoms. 

1 covers persons with slight local and general discomfort such as 
moderate infiltration at the site of injection, moderate tenderness and 
brief but marked temperature increase (> 38.5° not more than 1 day). 

2 designates pronounced local and/or general symptoms with con- 
finement to bed or incapacity for work. 

It may be mentioned in passing that there were one case of disable- 
ment for 10 days, one for 7 days, three for 6 days and the remainder 
for 2 to 4 days. No know-n pathological picture was found in any in- 


stance, nothing but only transient complications. 

This grouping was found to be practical, as it differentiates be- 
tween reactions which were a real inconvenience (Reaction 2) and 
those of more secondary' importance. 

Experiments in having different people working independently to 
classify the material along these lines showed very small deviations, so 
that we seemed to have secured an objective appraisal of the informa- 


tion collected. 

In the following sections we shall confine ourselves to the reac- 
tions after the first injection. The estimation of frequency of reac- 
tions after the subsequent injections was made very difficult by the 
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fact that many of those who had strong reactions after the first in- 
jection simply did not turn up for the next. For this reason the fall 
in reaction frequency and degree observable from a direct count must 
he viewed with all reserve. We should add, however, that no increase 
in reaction percentage from the first to the second injection was found 
even if it be assumed that all persons, who had a severe reaction after 
the first injection and who stayed away from the following would have 
reacted strongly on this too. Among those receiving two injections there 
proved to be a 35—50 % chance of having disagreeable reactions after 
the second injection if the reaction had been strong after the first, and 
only about a 10 % chance of a reaction if there had been none after 
the first injection. 

As we are concerned here solely with the reactions after the first 
injection, we decided that Groups 3, 4 and 5 which received the same 
dose, 0.2 ml. at the first injection should he investigated together as 
one group: 3 A; this gives us only three groups to analyse viz. Group 1 
receiving 1 ml.. Group 2 receiving 0.5 ml. and Group 3 A receiving 
0.2 ml. 


Table 8. 

Distribution according to Reactions. 


Group 

Degree of reaction 

Total No. 

0 i 

1 i 

2 

No. 

7o 

No, 

O' 1 

<0 

1 

7o 

1 

99 

76.7 

9 

7.0 

21 

16.3 

129 

2 

152 

82.2 

7 

3.8 

26 

14.1 

185 

3A 

311 

84.5 

21 

5.7 

36 

9.8 

368 
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In Table 8 these groups are segregated according to degree of reac- 
tion. It will be seen that Reaction 1 occurs with varying frequency and 
apparently independently of the doses, whereas Reaction 2 seems to 
decrease somewhat when the dose is reduced to 0.2 ml. The difference 
in the frequency of Reaction 2 with the two large doses and with the 
smallest dose is only just on the border of significance (P = 5 %). 
A simple appraisal of the dependence of the reactions on the dose 
cannot, however, be made from such an undiversified grouping, where 
other factors possibly having a bearing upon the reactions may have 
screened or distorted the result. It was therefore necessary to attempt 
the clarification of the significance of such of the various factors as 
cou d be investigated within the scope of the present material, and to 
throw some light upon their interrelation. 
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Reactions and Natural Antitoxin. 


There can scarcely be any doubt that those reactions \Yhich despilc 
the use of highly purified prophylactics freed of every trace of’ specific 
diphtheria toxin, nevertheless occur in some of the inoculated persons 
must to a great extent be allergic in nature, and that the cause of the 
sensitization must be sought chiefly in an usually unobserved contact 
with diphtheria bacilli. This was demonstrated e. g. by Park (1922) 
Zoeller (1925) and Zingher (1923). As was shown by Otto in 1914 and 
Dudley, May & O’Flynn in 1934, this contact also has another result, 
namely the production of natural antitoxin. The obvious course to 
adopt is therefore first to look for some connection between the na- 
tural antitoxin and the reactions.. It has previously been observed that 
there is such a connection. It is true that Schall & Lammerl (1938) 
could demonstrate no regular dependence betw'een ATj, and the reac- 
tions, although most reactions occurred among persons wdth AT„ of 
over 0.03 unit. In an investigation covering infant immunization Pasch- 
lau (1939) saw reaction in all children who recorded much natural 
antitoxin (> 0.03 unit per ml.). On the other hand, reactions also 
occurred in children who had no natural antitoxin. After the immuni- 
zation of probationer-nurses Plum (1939) observed most reactions in 
those with natural antitoxin. Fulton, Taylor, Moore, Wells & Wilson 
(1942) found significantly more reactions among Schick-negative than 
among Schick-positive children. 

As already mentioned, it is usual to look upon people with more 
than 0.01 unit per ml. as being immune against diphtheria. After 
having ascertained that no difference could be found in the occurrence 
of reactions in persons with no measurable antitoxin, i. e. less than 
0.001 unit, and in those with between 0.001 and 0.01 unit, wc con- 
sidered it reasonable to use the latter titre, which is of a certain prac- 
tical importance, as the dividing limit. 

In Table 9 the material is divided according to natural antitoxin 
and degree of reaction. 

Table 9. 

Influence of Natural Antitoxin on lieaclion. 
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On comparing Ihc right and left halves of the table it hccoines 
obvious that, as in tlic earlier investigations just quoted Reaction 2 
has its highest frequency among persons with AT,, > 0.01 at all three 

(loses. 

The differences arc significant, the P-calculation giving the follow- 


ing values: 

Group 1 
)) 2 
1) .“I A 


ATo < 0.01 

ATn 

> 0.01 

P: 

,5/02 = 8.1 % 

10/07 

= 23.9 % 

3.0 % 

8/1 OS = 7.1 % 

18/77 

= 23.1 % 

0.5 % 

11/202 = 5.1 % 

2.V100 

= 15.1 % 

0.1 % 


The weaker reactions seem to follow the same line hut much less 
markedly. In Group 1 alone the difference is significant (P = 2.8 %), 
whereas the other two groiqis record quite insignificant differences. 
Whether this accumulation is really due to the natural antitoxin, or 
whether the picture will he changed if the material is divided according 
to other factors which the scope of this work will jiermit us to in- 
vestigate, arc questions which cannot he answered until the hearing 
of these factors on the reactions is elucidated. In Ihc following, the 
connection between the AT„ value and the occurrence of the reactions 
will he employed as a working hypothesis. The final adjudication will 
he reverted to later. 


Reactions and Ar/e. 

It has previously been mentioned as a common observation that 
older children and adults have more severe and more frequent reac- 
tions after diphtheria immunization than infants — sec c. g. Paschlau 
(1939), Lcrchouillct & Gournay (1929) and Ramon (19M). Ry means 
of Moloney’s test, Moloney, I'rascr & Fraser (1929) find that hyper- 
sensitivity increases with age. Underwood (193.')) does not consider 
that age as such means anything to this hypersensitivity, hut thinks 
it due to the fact, that the number of naturally immune increases with 
age. 

We have examined the question of whether, between the age groiqis 
comprised in this work, there i.s any difference in the reaction fre- 
quency when the ATp is considered simultaneously. For this puri)ose 
we have divided the material into three age groups: l.'i — 29, 30 — 49, 
and 50 74 years. In Table 10 these age groups are set uj) according 
to degree of reaction. 

If ■\\e take the left half of the table (AT,, < 0.01) it is obvious (hat 
there is no evident increase in reactions with rising age; this applies 
to both Reaction 1 and Reaction 2. In the first place, the differences 
in reaction percentages arc only small in comparison with the number 
of observations and in the second place, most reactions occur some- 
times in one age group and sometimes in the other. 3’lic same is oh- • 
served in the two youngest age groups among persons with AT^ > 0.01 
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Table 10. 

Influence of Age on Beaction. 


Group 

& 

Dose 

Age 

ATq < 0.01 

AT(,>0.01 ~~ 

Degree of reaction 

Total 

No. 

Degree of reaction 

Total 

No. 

IDI 


1 

2 

0 

1 

2 

No. 

»/« 

No 

7o 

No. 

7« 

No. 

% 

No. 

7o 

No. 

% 

I. 

1 ml 

1 

9 

42 

5 

100,0 

89,4 

83,3 


1 

0 

4 

1 

0,0 

8.5 

16,7 

9 

47 

6 


I 

1 


2 

13 

1 

33,3 

26,5 

8,3 

I 

6 

49 

12 

Total 

56 


1 

1.6 

5 

8,1 

62 

43 

64,2 

8 

11,9 

16 

23,9 

67 

2. 

0,5 ml 

1 

14 

61 

22 

93.3 

88.4 
91,7 

1 

2 

0 



0,0 

8,7 

8,3 

15 

69 

24 

5 

32 

18 

83.3 

60.4 
100,0 

0 

4 

0 

0,0 

7,5 

0,0 

1 

16,7 

32,1 

0,0 

6 

.53 

18 

Total 

97 

89,8 

3 

2,8 


m 


55 

71,4 

4 

5,2 

18 


77 

3. A 
0,2 ml 

I 

1 

1 

1 

8 

0 

3,3 

5,5 

0,0 

2 

8 

1 

6,7 

5,5 

3,9 

30 

146 

26 

13 

96 

20 

86,7 

75,0 

86,9 



2 

22 

1 

13,3 

17,2 

44 

1 

Total 

182 


9 

4,5 

11 

5,4 


129 

77,7 

12 

7,2 

25 

15,1 

166 


(the right half of the table). Reaction 2 occurs with fluctuating fre- 
quency and Reaction 1 apparently is most frequent in the age group 
30 — 49; but the difference, having regard to the few observations in 
the youngest group, is of such a size that obviously it cannot be cre- 
dited with any significance. 

The situation looks different wdien we consider the frequency of 
Reaction 2 in the two oldest age groups with AT^ > 0.01. Here we sec 
a striking decrease of Reaction 2 in the oldest group. In Group 1 "c 
find 13/49 = 26.5 % in the age group 30—49 compared with 1/12 = 
8.3 % in the age group 50 — 74 years; in Group 2 17/53 = 32.1 % 
against 0/18 = 0.0%, and in Group 3 A 22/128 = 17.2 % against 1/^ 
= 4.4 %, This gives the following P values: 26 %, 0.7 % and 12.5 /o 
respectively, which means that we find a significant difference onij 
in one group. This significance has been examined with the aid of tlie 
binomial law, resulting in a probability of 2 % of getting P < 0.7 /<? 
in the course of three comparisons; in other words, if age exerted no 
influence on the reaction, a P as low as that arrived at would be found 
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in only 2 out 100 cases. This slight prohahility, combined with the 
fact that the difference in all three groups has the same trend, i. c. 
towards a lower reaction percentage in the oldest age group, makes it 
justifiable to consider the fact demonstrated that the intensity of 
reaction decreases when a certain age has been reached, even when an 
individual according to his AT^, belongs to the group in which most 
of the severe reactions may he anticipated. 

With regard to Reaction 1, we can find no difference between the 
two age groups. In Group 1 the figure is 14.3 % in the age group 
30 — 49 years against 8.3 % in 50 — 74 years. For Group 2 the corre- 
sponding figures are 7.5 % against 0 %, and for Group 3 A 7.8 % 
against 8.7 %. The difference between the first two groups might 
appear conspicuous; hut having regard to the small denominators it is 
immediately seen that the differences are of no significance. 

As we can find no increase of the weak reactions in the oldest age 
group simultaneously with the observed decrease in the strong reac- 
tions, it is therefore not only the reaction intensity that falls in the 
oldest age group, hut the reaction frequency as well. 


Reactions and Dose, 

As was stated in the introduction, we naturally endeavoured to 
avoid the disagreeable reactions among adults by reducing the dose. 
To our knowledge, however, there arc only very few invesligalions 
aimed more systematically at making comparisons between different 
doses and their influence upon the reactions. In the result of mass 
immunization against diphtheria, published in Canada and England, 
the hypersensitives were primarily sorted out by means of the 
Moloney or the Schick lest and then given small doses, or none at 
all (Moloney & Fraser, 1927; Moloney ct al. 1928; Burke, 1930; Fraser, 
1931; McKinnon, Ross & Defries, 1931; Underwood, 1935). These in- 
vestigations contain only little control material to show how a usual 
dose would have acted — which of course is only natural, as it would 
scarcely he proper to inoculate people in whom there was reason to 
anticipate reactions with the usual dose. But when, as in the present 
investigation, no hypersensitivity test is made prior to immunization, 
there is a chance of finding out whether a reasonable reduction of 
the dosage is reflected in the reaction frequency. Ramon, Timbal & 
Nebs (1933) claim to have seen a slight increase in reactions when 
the titre of the anatoxin rose from 16 to 20 Lf units per ml. Claus 
Jensen (1937) observed rising reaction figures with increasing doses, 
and Schall et al. (1938) are inclined to think that there may he some 
between size of dose and number of reactions. 
Paschlau (1939) found that a dose variation from 0.2 to 1 ml has no 
influence on reactions among infants, but some among school children 
where indeed he found an increase of reactions when the dose was 
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raised from 0.2 to 0.3 ml. In none of these investigations, hoivcver wns 
attention paid to other factors relevant to the occurrence of reactionc 
for example, the AT^, and the age. 


Having shown that the age groups 15—29 and 30—49 do not differ 
as to reaction when they have the same AT„, we have combined them 
into one age group, 15—49, in Table 11. 


Table H. 

Influence of Dose on Reaction. 


ATq < 0,01 


ATo > 0,01 



A comparison between Groups 1 and 2 shows that the frequency 
and degree of the reactions arc much the same for these two dose.s. 
The oldest age group docs exhibit an apparently higher reaction per- 
centage after 1 ml than after 0.5 ml; but again it is obvious that Ibc 
differences are immaterial. Accordingly, as a decrease in the do.se 
from 1.0 to 0.5 ml is not reflected in the reaction, we have pooled both 
groups into Groups 1 2 of Table 12 and undertaken the comparison 


with this simplified table as a basis. 

It stands out clearly from Table 12 that the lowest dose cause.s an 
appreciable reduction in the reactions in only one group; on the other 
hand, this particular group lies within the population group that is 
threatened most by' strong reactions, viz. persons with an A To of o'er 
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Table 13. 

Influence of Dose on Beaction. 




ATo < 0,01 

ATo > 0,01 


Group 

Degree of reaction 

Total 

No. 


Total 

No. 

Age 

& 

Dose 

n 

1 

2 

0 1 


2 



No. 


Xo. 


;No. 

! % 

i 

! 

No. 

% 

No. 


^^2 



15-49 

1 + 2 

1 ml & 
0,5 ml 

j 

126 


4 

1 

2,9 


i 

7,2 

140 

1 

1 j 

61,4 

11 

9,6 

33 


114 


S A 

0.2 ml 

157 

89,2 

9 

1 

54 

1 


5,7 

176 

1 

76,2 


6,9 

1 

24 

16,8 

143 

50-74 

1 + 2 

1 ml & 
0,5 ml 

i 

27 




3 

10,0 

30 

28 

93,3 

1 

1 i 

3,3 

1 

1 1 

3,3 

30 


3A 

0,2 ml 

25 

96,1 



1 

3,9 

26 


89,9 

1 

2 

8,7 

1 

4,4 

23 


0.01 unit in the age group 15 — 49 years. Here the large doses .cause 
Reaction 2 in 29 % and the small dose in 16.8 %. Tlie probabilit 5 ' of 
such a difference is only 1.5 % ; consequently by diminishing the dose 
we actually reduce the strong reactions. 


Reactions and Sex. 

In order to ascertain whether reactions are more frequent in one 
sex than in the other, we have separated the groups of Table 12 ac- 
cording to sex and set them up in Table 13. 

For Reaction 2 there is only one instance of real difference, 
in Group 1+2, AT,, < 0.01, 15 — 49 years, where there are 2.5 % males 
and 13.1 % females. In itself this difference is significant, for P is 
2.1 %. But as we find only one significant difference in eight com- 
parisons, and as the other seven show' onlj' slight differences, and even 
then with varying signs, w'e cannot credit this one significant difference 
W'ith any importance, but must conclude that Reaction 2 is equally 
frequent in both sexes. The same applies to Reaction 1. Here again w'e 
see once only a more marked difference, i. e. in Group 3 A, AT^, > 0.01, 
15 49 years, w’here there are 3 % reacting males against 10.5 % reacting 
females, but in this case the difference is not significant (P = 10.5 %}. 
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Table 13. 

Influence of Sex on Beaction. 



Taking it on the whole, no difference can be found in this invcslign- 
tion between males and females with regard to the frequency and 
degree of the reactions. 


Reactions and Formei- Diphtheria. 

As stated on page 325, we cannot find any difference in the AT„ 
titro of persons who have previously had clinical diphtheria and those 
who liave not. As hypersensitivity to the diphtheria antigen docs not 
— despite some accordance — run parallel to AT^, it was natural to 
examine whether an earlier diphtheria, though perhaps not leaving 
traces in the antitoxin production, might not have left a slate of al- 
lergy, the manifestation of which would be that persons who had 
once had clinical diphtheria would have reactions more frequently 
than others after diphtheria immunization. In investigations not 
taking into account AT^ or other factors, Claus Jensen (1937) and 
Wohlfeil (1938) observed most reactions among children who al- 
ready’ had had diphtheria. In Table 14 we have divided the data 
of Table 12 into + and — earlier diphtheria, in this case, however, 
restricting ourselves to Reaction 2. 























;m3 


When AT,, is less than 0.01, we find everywhere Ihc highest reac- 
tion freciucncy among persons who have had diphtheria. As Iheie le- 
garding the other factors here examined is no dcmonstrahle difference 
in the oecnrrcncc of reactions when the A'l'„ is lower than 0.01, it is 
jicrmissihle to comhinc the various groups. I liis gives h/.{7 =- 21.0 /<> 
cases of reaction 2 among persons who have had di]dilheria, and 10/,3.h) 
- 1.8 So among those who have not. Tliis difference l)eing liighly sig- 
nificant (P = 0.02 ^c), we may draw the conclusion that an attack of 
clinical diphtheria, even when dating .several years hack (in this in- 


Tahh n. 



lulliirucr ii[ Pici'iotis 

l)ii>htUrrin 

01 ) Jirartio)] 2. 




AT,,.: 

; 0.01 


! at,, : 

• 0,01 

(ironp 

•Ape 

1 

;-j- Diplillieria , 

— Diphlheri: 

i < 

1 niphiheria 

-■ Diphtheria 

1 -t- ') 1.- 

aO years | 

2/8 “25.0<’.o 1 

8/132:^ 

T..l'',n 

:ri:t --2:1.1 

3f)/ini r. 20.7 

i> 

fiO > 1 

gr. -irMF,,. ‘ 

2,21 

8.:P'„ 

‘ l/C) " 10,0",o : 

021 -- 0.0% 

3 .-V i < 

50 . 1 

•I/20-.20.0",. 1 

0/1. 'iro- 

3.8",, 

^ 17 :^l l.:»",« : 

2;i;i:!c.r=ir.,o% 

! s. 

50 . ‘ 

i/:t :=5:i.5% i 

0;23 r: 

0.0" „ 

0/2 r 0,0" „ ; 

1/21 ^ I.S",, 


vestigation at least ten years) will often leave a hypersensitivity, 
manifested in rather strong reactions when diphtheria antigen is in- 
jected .Thus, clinical diphtheria is a relevjint factor in the occurrence 
of reactions, and it therefore hccame necessary to see whether omission 
of persons who had had (lii)htheria made any change in the relation 
found of age and dose to the reactions. 'Phis i)roved not to he the case. 

For persons with an AT,, of 0.01 or nujre the reaction freciucncy 
seems to he very nearly the s.'imc for the two categories. Onty once 
do we find the highest reaction percentage among persons who had 
diphtheria, and this difference cannot lay claim to any significance 
owing to the small figures. In this part of the investigation, where 
both age and dose influence the reactions, one is precluded from cal- 
culating a pooled reaction freipiency. The few observations make su- 
perfluous a calculation of P within the various groups of comparison, 
it being obvious that there are no significant differences. A .sim])lc 
mspeetion of the values makes it tempting to hclieve that an earlier 
diphtheria docs not increase the chances of obtaining reactions when 
one has an AT higher than 0.01 a. u.; in other words, that a clinical 
( iphtheria might perhaps not leave more hypersensitivity than a latent 
degrer" " Jcfloclcd in an antitoxin jiroduction of a certain 
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Reactions and Antitoxin Production. 

Here and there in the literature one encounters the assiunntion fhni 

& SnH production (Bousfi , 

& King-Brown, 1938; Schall, 1938; Schall et al. 1938; Paschlau 1930 

Ramon (1926) claims to have made this observation when immuni/ing 
horses, which led to addition to the antigen of nonspecific local reac- 
tion-inducing substances such as tapioca, which is often used in the 
preparation of antitoxic sera. Among children Schall et al (1938) 
found good antitoxin production in all cases where local reaction an 
peared, including cases in which the AT„ was lower than 0.03 a. ii. 
However, they failed to take into consideration the size of the dose 
(in their case varying from 0.2 to 2 ml) or earlier attacks of diphlhc- 
ria which, as just stated, may be of importance for the appearance of 
reactions. Plum (1939) on the other hand found no relationship be- 
tween local reactions and antitoxin production. In the present ma- 
terial only Group 1 and a part of Group 3 A (Group 5) arc suitable for 
a discussion of this question, as the other groups cither have no AT, 
determination or have had several injections between AT„ and AT,'. 
As antitoxin production is highly dependent on AT^, even at AT„ va- 
lues as low as between 0.001 and 0.01 unit, we have here had to make 
use of 0.001 unit as the limit of division, persons with an earlier 
diphtheria , however, being omitted as this factor has shown to be 
relevant (p. 343). 


Table 15. 

Influence of Antitoxin Production on Reactions. 


ATq <0.001 


ATi j 

Degree of reaction 

Total 

0 

1 

2 

<0.01 

1 54 

1 

0 

55 

>0.01 

31 

0 

3 

34 


Most reactions and all the severe ones occur in the group 
showing the greatest antitoxin increases. The frequency of Reac- 
tion 2 in the two groups is 0 % compared with 8.8 % ; this gives 
P = 5.3 %, or just on the border of significance. Thus, the prcscnl 
data do not give a clear answer to the question mentioned about a rela- 
tion between the reactions and the antitoxin production. On attempting 
an examination of the same question among persons with AT„ > 0.01, 
matters become more complicated, for we must consider the different 
dosage in the two groups and moreover place the various AT, values 
in relation to their respective AT„ values in order to arrive at a picture 
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of the real litre increase. The consequence is that the figures in the 
various groups become so small that they evade judgment of any 
kind. For this group therefore we leave the question open. 


Concluding Remarks on the Importance of Natural Antitoxin 

to Reactions. 

Having now established the fact that dose, age and earlier clinical 
diphtheria all have an influence on reactions, whereas sex seems to 
have no bearing on them, we shall once more turn to the interdepen- 
dence between reaction and AT^ with due consideration to the above 
factors. For this purpose the material is divided according to dose, 
age and clinical diphtheria with the reduced groups which the investi- 
gation has shown to be justifiable. The analysis comprises Reaction 2 
alone. 


Tabic 16. 

Influence of Natural Antitoxin on Reaction 2. 


Group 

I 

-}- previous Diphtheria 

— previous Diphtheria 

1+2 

<50 years 
>5o ‘ 

ATo<0.01 

2/8 = 25,0 o/o 
1/6 = IG.G 0/0 

AT(,>0.01 
3/13=23.1 o/o 
1/6 =16.Go;o 

ATo <0.01 

8/132 = 6.1 0/0 
2/24 =8.3 0/0 

ATn>0.01 
30 / 101 = 29 . 70/0 
0/24 = 0.0 0/0 

■ 

<50 « 

>50 • 


1/7 = 14 . 30/0 
0/2 = 0.0 0/0 

6/156 = 3.8 0/0 
0/23 =0.0 0/0 

23/136=16.90/0 
1/21 = 4.8 0/0 


The figures in this table are the same as those in Table 14, though 
to facilitate the final comparisons we tabulate them in a different 
manner. 

If there is a history of diphtheria, the reactions seem to occur in- 
dependently of ATq, but the observations are so few, that we cannot 
attach much weight to this conclusion. 

Among persons who have not had diphtheria there is no important 
difference in the reaction frequency in the oldest age group; the few 
reactions in this group seem to be independent of AT„. In the age group 
< 50 years, however, we recognize the same picture as in Table 9 : most 
of the severe reactions occurred among persons with AT„ > 0.01. In this 
selected material the differences are highly significant, P being only 
0.001 % for Group 1-1-2 and 0.03 % for Group 3 A (compare page 337). 

Whether the role played by the natural antitoxin is due merely to 
its running parallel with a bacterial hypersensitivity, or whether the 
interaction between antitoxin and injected antigen may cause or 
perhaps intensify any complications, are questions that so far have not 
been answered. If it is true that AT^, has nothing to do with the occur- 
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Fence of reactions once there has been clinical diphtheria, this iniel>i 
indicate that the bacterial hypersensitivity is the deciding faclor. In 
this connection, however, Neill, Sugg & Richardson (1931) showed, Uial 
guinea-pigs inoculated with homologous antitoxic scrum freed from 
bacterial antibodies suffer from anaphylactic shock when siibsequcnllv 
injected with purified diphtheria toxin intravenously. 

If reactions can be caused by the antibod j'-antigen combinalion 
here involved one would expect an increase of reactions with in- 
creasing AT„. An examination of this possibility however gave a nega- 
tive result, no relationship being found hetw'cen Reaction 2 and AT 
values, when the latter were divided into groups rising wilh the 
quotient of 10. It should he stressed, that this examination must he 
taken with some reserve, owing to the groups being small when the 
reactions are distributed over various AT^ values. 


Siimmanj. 

The relationship of antitoxin production to dose of prophylactic 
and interval hehveen injections has been investigated. If the results 
are judged according to a single injection, the antitoxin production 
depends to some extent on the size of the dose, 1 ml. causing a greater 
production of antitoxin than 0.2ml., when judged from the mean 
values, but not a higher percentage of protected subjects, i. e. in- 
dividuals having more than 0.01 unit per ml. in their blood. 

Two doses of 0.2 ml. administered a week apart gave the same 
degree of immunity as regards both antitoxin production and percent- 
age of protected subjects as a single dose of 1 nil., and a better result 
than a single dose of 0.2 ml. 

Two doses of 0.2 ml. with a fortnight’s interval resulted in a much 
greater antitoxin production and percentage of protected subjects than 
the same doses given a week apart, whereas there was no demonstrahlc 
difference in response when the interval was increased from two to 
four weeks. 

If the results are appraised at a later stage, when more injections 
have been given, there appeared to he no dependence of the anlibodj 
production on the antigen doses employed. 

The antitoxin titres 1 year after immunization were independent of 
the procedures used. 

The increase of antitoxin after a boosting dose a year later was 
independent of the doses used. 

With regard to reactions, the investigation has shown that they 
were influenced by the following factors: Natural antitoxin, history 
of diphtheria, dose of prophylactic and age. 

Among people having less than 0.01 units pr. ml. prior to le 
immunization we found about 5 % severe reactions occurring rcgar( 
less both of whether the dose was 1 or only 0.2 ml. and of age )U 
chiefly amongst those who have had diphtheria. 
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Among people containing 0.01 unit or more per ml. prior to the 
immunization and being under fifty years of age we found about 30 % 
severe reactions after 1 or 0.5 ml and about 17 % after 0.2 ml. These 
reactions occurred presumably regardless of whether there was a 
history of diphtheria or not. Among people containing 0.01 unit or 
more per ml., and being over fifty years of age we found about 5 % 
severe reaction regardless of the doses here used. 

If one has no previous knowledge at all regarding the occurrence 
of the various relevant factors in a population, one must thus anti- 
cipate a minimum of 5 % and a maximum of 30 % severe reactions 
when 1 or 0.5 ml. is given and of 5 % and 17 % respectively when 
0.2 ml. is given. With a representations of the factors as in the present 
material the reaction percentage after the first injection averages 
15.0 % when the dose is 1 or 0.5 ml. and 9.8 % when it is 0.2 ml. 

The reaction frequency for the two sexes is the same. Correlation 
can be observed between reaction and antitoxin production, but the 
material is too small to permit of final conclusions on this point. 


CONCLUSIONS 

In the introduction, we stated four questions as the principal object 
of this work. We shall repeat these questions here: 1) Does immuni- 
zation with four doses of 0.2 ml. give the same result as immuni- 
zation with two doses of 1 ml. although the total antigen content is 
thereby reduced from 50 to 20 Lf units? 2) In cases where it is 
necessary to employ a milder course will it suffice by changing the 
intervals to give throe injections of 0.2 ml. instead of four? 3) Can 
the usual routine dose be reduced from 1 ml. to 0.5 ml?; and finally 
4) Do the reactions decrease according to the size of the dose? 

The first three questions can be answered straight away in the af- 
firmative, no difference in immunization result having been demon- 
strable after the various procedure. The differences revealed by the 
ATj titration are only of theoretical interest, provided that the vac- 
cination is carried out lege artis. As to question 4, we found that 
severe reactions do diminish with decreasing doses, but that it is only 
demonstrable in the group most likely to have reactions, and only, 
when the dose is reduced to 0.2 ml. Accordingly our ordinary routine 
method will hereafter he 2 X 0.5 ml., i. e. 2 X 12.5 Lf units with a 
four-week interval, and a year later another 0.5 ml. When smaller 
doses are indicated, 3 X 0.2 ml., i. e. 3 X 5 Lf units at two-week interval 
will he given, and a year later another 0.2 ml. 

It would be quite proper, in mass immunization too, to give merely 
0.2 ml. for the boosting dose; however, for practical reasons for the 
present we prefer to retain the same dose for all three injections, and 
only in cases where the reactions after the foregoing injections indicate 
it, 0.2 ml. should be given. 
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investigation gives furthermore some reason to believe tlnl 
the dose for mass immunization could he diminished even to 2 ’x O ') 

JTo followed a year later by a third injection of 

0.2 ml. This would indeed be very desirable as the decrease in reactions 
first will be noticeable at this dose. However as the group slarlinc 
with this dosage for reasons already mentioned was given an addi- 
tional injection of 1 ml. further investigation have to be undertaken 
before this question can be settled. 
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ON THE PREPARATION OF A FORMALINIZED 
ALUMINIUMHYDROXIDE VACCINE WITH THE 
MURINE S. K. POLIOMYELITIS STRAIN 
(JUNGEBLUT & SANDERS)*) 

By A. Frantzcn. 

(Received for publicaiion Oclober 1st, 1917.) 

In the following an experiment in preparing a formalinizccl 
aluminiumhydroxide vaccine with the S. K. strain of Jnngcblut & 
Sanders from fluid tissue culture is reported. 

This strain possesses a high and constant virulence to mice and 
therefore is very suitable for experiments of this kind which require 
exact titration. On the other hand, it is doubtful whether serologically 
it is so closely related to human tj’pcs of virus that it will be suitable 
for the prophylactic vaccination of man. 

This being so, our experiments must he regarded as models; the 
experience gained from them will only he put to practical use when 
it is possible in vitro to cultivate a virus exhibiting indubitable sero- 
logical conformity with the human types of virus against w’hich im- 
munization is desired. 

One of the claims we must make of a vaccine to he used for the 
prophylactic vaccination of man is low' toxicity. A vaccine prepared 
directly from the brain or spinal cord of infected animals will satisfy 
this requirement only after very thorough processes of purification. 
But w'e have a more suitable primary material w’hen the virus can 
be cultivated in a fluid tissue culture and the virus is segregrated from 
the supernatant fluid. In such a fluid one can find virus in relatively 
high concentrations, although there is no measurable protein. 

In 1940 Jungeblut & Sanders (2, 3) cultivated the murine S. K. 
poliomyelitis virus in several passages. The medium was embryonic 

*) Read before the Fourth International Congress of Microbiology Conen- 
hagen July 1947. ‘ 



352 


mouse brain m a fluid consisting of serum ullrafillrale and a inodifiod 

Tyrode fluid described by Simms & Sanders (5). The cornnosilm,! 
this fluid is given in table 1. composition of 


Table 1. 

Composition of the salt solution icsed 
for tissue culture. 



mM per Litre 

NaCl 

137.0 

KCI 

2.7 

CaCl^ 

1.0 

MgCl, 

1.0 

NaHCOj 

12.0 

Na,HPO, 

1.5 

Dextrose 

5.5 


Jungeblut & Sanders subsequently demonstrated that cullivalion 
is also possible without serum ultrafiltrate. This is the method em- 
ployed in the present experiments. 

Cultivation proceeds in 50 cc. Erlenmeyer flasks containing 10 cc. 
fluid. Owing to its content of sodium bicarbonate the fluid is no! 
stable, giving off carbon dioxide, whereby its reaction moves towards 
the alkaline. During cultivation, however, it is in a flask sealed willi a 
rubber stopper and containing a gas mixture consisting of 2 to 6 % 
carbon dioxide* in atmospheric air. 

With this mixture an equilibrium is set up so that the pH remains 
constant. By varying the carbon dioxide content in the gas mixture 
the hydrogen-ion concentration can be so adjusted as to lie as near 
as possible to the optimum, which is pH = 7.4. Tlie fluid contains 
phenol red as an indicator, and the pH is read by comparing the colour 
of the culture with a standard buffer solution of knoxvn pH to which 
the same quantity of phenol red has been added. 

In my experiments the cultures were incubated at 35®. After a 
small quantity of minced embryonic mouse brain has been added to 
the fluid the flask is placed in the incubator for 24 hours for sterility 
control, whereafter it is stored at room temperature and in darkness 
until it is to be seeded. Seeding proceeds with 0.1 cc. of the material 
containing the virus. This gives a dilution of the proportions of 1:100 
at each sub-culture. After seeding the flask is placed in the incubator, 
where it remains for 48 hours. The next passage can then be seeded, 
or the flask may be kept at room temperature in darkness for some 
days until it is required again. A single test showed no detnonstrahlc 
decrease of the virus content after seven days’ storage under these 
conditions. 

The xirus is cultivated in 23 passages. From the 2nd to the ICth 
passage subculturing was carried out simply by transferring 0.1 cc. 
of the fluid from one flask to another. From the 16th to the 23rd pas 
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sage the fluid was centrifuged to ensure that no particles of tissue were 

carried from one passage to another. 

The virus content of the supernatant fluid was titrated in the fol- 
lowing manner; The culture was centrifuged. Of the supernatant fluid 
I made a dilution series, each slop representing a dilution of 1. 10 in 
saline with 1 % hactopeptonc. A fresh pipette was used for each dilu- 
tion. The dilutions were injected into while mice weighing IG 18 g., 
either 0.05 cc. intracerehrally or 0.2 cc. intrapcriloncally. The mice 
were observed for fourteen days. 

After 23 passages the culture fluid reacted on the mice with typical 
pareses as far as the dilution 10“ injected intracerehrally. 

In preparing vaccine from the culture fluid I took advantage of 
the experience made at the Stale Scrum Institute with the preparation 
of vaccine for foot-and-mouth disease as well as diphtheria vaccine 
(1, 4). 

For the adsorption of the virus I employed a preparation of 
aluminiumhydroxidc-gel with an aluminium content corresponding to 
1.3 % AljO,. The method of preparation, which is of great importance 
to the adsorhahilily, is described by Schniil-.Iensen, Schmidt & Hansen 
1936 (4).*) 

For making the vaccine the virus is grown in large flasks containing 
100 cc. culture fluid. After the 48 hours’ incuhalion the tissue particles 
arc centrifuged off. The fluid is neutralized by Ihc addition of hydro- 
chlorid acid, so that the reaction remains at pH = 7.4. Tliis neutraliza- 
tion may he accompanied by a slight flocculation, which is removed 
by centrifuging. 

The fluid is now intimately mixed with aluminiumhydroxide-gel in 
the proportions of 4 parts fluid 4- 1 part gel. The aluminiumhydroxide 
is then centrifuged to sedimentation, the supcrnalanl fluid is poured 
off and replaced by a corresponding quantity of buffer saline with a 
pH of 7.38, in which the sediment is .suspended. 

On mouse-titrating the culture fluid, the .supernatant fluid after 
adsorption, and the suspended sediment, it will he seen that praclically 
the whole of the virus quantity has been adsorbed on to the aluminium- 
hydroxide. The supcrnalanl fluid docs not infect the mice in dilutions 
higher than 10—’, indeed in most instances only the undiluted fluid 
produces infection, whereas the adsorbate has the same litre as the 
culture fluid. The results of one of these experiments arc shown in 
table 2. 


In order to ascertain the stability of the adsorption I made a lest 
in which the sediment was washed three limes by suspending it in 
buffer saline and then centrifuging. This lest showed that the liter 
was the same before and after washing. 

The virus charged aluminiumhydroxide susj)cnslon was now 


) The aluminiumhydroxiclc is prepared for (he Slate Serum 
Uansk Svovlsyre og Superfosfatfabrik. 


Institute by 
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Tabic 2. 

Adsorption of virus to alinnmin7nhijdroTi(Ic 
The fhiids are titrated intraccrehrnlhj on mice. 


Dilution 


Culture 

fluid 


Supernatant 
fluid after 
adsorption 


Suspended 

sediment 


undiluted 


10-1 


10-2 


10-3 


10—^ 

4:4 

10-5 

2:4 

io-« 

0:4 

10-7 

0:4 

10-8 

0:4 


1:4 

0:4 

0:4 

0:4 


2:4 

3:4 

0:4 

0:4 

0:4 


3 : 4 means 3 mice died from the 4 injected. 


treated with formalin in various ways and then titrated on mice. Tlic 
formalin, employed is a commercial product containing about 40 % 
formaldehyde. The adsorbate was treated with various concentrations 
of formalin at a temperature of 25®. By this means it was found that 
the formalin concentration required to inactivate the virus in the 
course of 48 hours was between 0.05 and 0.1 %. This is shown in 
table 3. 


Table 3. 

Formalized ahiminiumhtfdroxide adsorbate titrated 
intracercbralhj on mice. 


Dilution 

0,05 o/o 
formaline 

25° for 2 days 

0,1 o/o 
formaline 

25° for 2 dav.s 

1 

0,05 Oj'o 
formaline 
25°ror5days 

10-1 

1:2 

0:2 

0:2 

10-2 

2:2 

0:2 

0:2 

10-3 

0:2 

0:2 

0:2 

10-4 

1 :2 

0:2 


10-5 

0:2 

0:2 


10—^ 

0:2 

0:2 



For the immunization tests I used an adsorbate treated with 0.1 /c 
formalin for three days at 25®. After this the formalin was not washed 
out; the mixture was kept in the refrigerator. 

Whereas the infectivity of the adsorbate was thus abolished hy 
the formalin treatment, it was found tliat the immunizing effect was 

still present. ^ 

These tests are described in greater detail in a following paper ol 

Kauffmann and Frantzen. 
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Siiwmanj. 

Jungeblul & Sanders’ murine S. K. Poliomyelitis virus was grown 
in fluid tissue culture with embryonic mouse brain (after Jungeblut 
& Sanders). 

A vaccine that is not infectious to mice but immunizes them against 
subsequent infection with the same virus was prepared from the super- 
natant fluid adsorbed to aluminiumhydroxide and treated with O.I % 
formalin at 25® for three days. 


REFERENCRS 

1. Hansen, A., cO S. Sclmidt: Compt. Rond. Soc. Biol. 120, 1150, 1935. 

. Jnngcblut, C. IE., tfc M. Sanders: Proc. Soc. E.vper. Biol. & Med. 'f-f, 375, 1910. 
— J. Exper. Mod. 73, 107, 1910. 

•1. Schmil-Jensen, H. 0., S. Schmidt <t A. Hansen: Mannedsskrift f. Dvrla’ger 
IS, 1, 1930. 

5. Simms, H. S. cO M. Sanders: Arch. Path. 33, 019, 1912. 



FROM THE STATE SERUM INSTITUTE COPENII irrv 
(CHIEF: J. BRSKOV, M.D.) 


MICE IMMUNIZATION TESTS WITH VARIOUS 
POLIOMYELITIS VACCINES AND SERA-) 

By F. Kaiiffmann and A. Franlzcn. 

(Received for publication October Isf, 1947.) 

The following experiments with mice are to be regarded merely 
as model experiments, made for the purpose of getting nearer to the 
problem of active immunization against human poliomyelitis. 

We know quite welt that the solution of this problem lies sonic- 
w'here in the distant future, but we do hope that it will be attainable 
through the means of systematic research. For the present we have 
confined ourselves to experiments with mice, and so far we have 
worked only with two different murine virus strains, the one being 
Theiler’s F. A. virus, and the other Jungeblut & Sanders’ S. K. virus. 
In the following we shall call the latter virus ^Columbia S. K.< to 
distinguish it from the »Yalc S. K.« virus recently isolated by Mclnick. 
In order to keep within the scope of this paper, however, wc shall 
not discuss the question of the adaptation of human virus strains to 
rodents; we shall confine ourselves to a report on our immunization 
experiments. 

Since it is possible according to Jungeblut & Sanders to cultivate 
Columbia S. K. virus in fluid medium with embryonic mouse brain, 
wc have set ourselves the task of preparing, from a fluid tissue culture 
of this sort, an aluminiumhydroxidc vaccine killed with formalin (see 
the foregoing paper of A. Frantzen). 

In the first place, in a fairly large scale immunization test wc in- 
jected mice of 16 to 18 grams intraperitoneally {= i. p.) with 0.2 cc. 
vaccine at intervals of three or four days. Seven days after the final 
injection the immunized mice and the equally old control mice were 
injected i. p. with living Columbia S. K. virus in decreasing doses. 

Briefly staled, the result of that experiment was that the vaccinated 
mice proved to be well protected against subsequent infection by 


*) Rend before the International Congress of Microbiology in Copcnbngcn. 
.luly 1947. 
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Columbia S. K. virus. Whereas nearly all the control mice, which were 
infecled with virus in a 1:100.000 dilution died, all the immunized 
mice survived, though they had received a dose a thousand times larger, 
that is to say, virus diluted to 1; 100. 

In a suhseciuent test the mice were immunized hy being gi\en the 
vaccine i. p., some four times, some twice and some once. Once was 
insufficient for protecting these mice; twice caused a distinct hut not 
total immunity; four limes produced an immunity just as good as in 
the first lest with six injections. The results of tests with four im- 
munizing injeetions arc shown in table 1. 

Table. I. 

Active iiiiviuiiizntiou o[ mice htj a [nrinalinizcd ahimitiiiniihiidcoxide vaccine 
of Columbia S.K. virus (from fluid tissue culture). 


S. K. virus 
i. p. 

iimminizcd mice 
(1 limes i. p.) 

control 

mice 

io-> 

7:13 

fi:G 

10-: 

•1:12 

C:fi 


0:12 

G:0 

10^ 

1 :12 

7 : S 

10-5 

, 

S:S 

io-« 


7:8 

10-7 

• 

•5:8 


7:13 = from 13 mice 7 died. 
. = not. made. 


T.ahlc 1 shows that it is possible .actively to immunize mice with an 
aluminiuinhydroxidc vaccine. This being so, wc now have a basis upon 
which we can prepare vaccines in a similar manner from other polio 
strains provided that we can cultivate these strains in fluid medium 
with embryonic brain, for instance human brain. When once wc have 
the fluid culture, the prc])aralion of an aluminiumhydroxide vaccine 
will not cause much difficulty. 

In addition to this vaccine, for the sake of comparison we have 
also employed a formalin-brain vaccine of Columbia S. K. virus. To 
the virus-containing brain (diluted 1:10) we added 1 % formalin 
and then left it in the refrigerator for 8 days. U was then centrifuged 
and the brain washed twice with saline in order to remove Ihc formalin. 
Ihcsc formalin vaccines proved to be sterile and to protect mice in 
Jiclive immunization tests against intrapcriloncal infection just as ef- 
ficiently as the aluminiumhydroxide vaccine (sec table 2). 

These good results with a formalinizcd brain vaccine of Columbia 
S.K. virus arc in conformity with those rcccnllv puhli.shcd bv S 
Card (Nord. Med. 7,9//7, 1399). 

There being no detailed accounts of investigations into Ihc immuno- 
logical relations between Columbia S. K. virus and Thcilcr’s F. A. virus 
wc have also prepared a formalinizcd brain vaccine from F. A. virus' 

Act.i path. Vol. XXV. }. 
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Tabic 2. 

Active immunization of mice by a formalinizcd brain vaccine of 
Columbia S.K. virus. ' 


S. K. virus 
i. p. 

immunized mice 
(6 times i. p.) 

control 

mice 

lO-i 

0:6 


10-2 

2:6 


10-3 

0:6 


10-4 

1:6 

3:4 

10-5 

0:6 

4:4 

10-<5 

0:6 

3:4 

10-7 

0:6 

1:4 

10-8 

• 

0:4 


3:4 = from 4 mice 3 died. 


and immunized mice intraperitoneally. We then infected the mice i.p. 
with either F. A. virus (lO-i) or Columbia S.K. virus. Likewise, mice 
immunized with Columbia S. K. virus i. p. were infected with S. K. or 
F. A. virus. The result was that Columbia S. K. vaccine afforded pro- 
tection only against the homologous S.K. strain, but not against F. A. 
Conversely, F. A. vaccine protected only against the homologous F.A. 
strain and not against Columbia S. K. These results arc in every way 
in conformity with those obtained by 0rskov and Kragh-Andersen on 
young mice infected per os (paper in the press). 

We have supplemented these active immunization tests by employ- 
ing both strains — Columbia S. K. and Theiler’s F. A. — in the pre- 
paration of rabbit immune sera and by testing these sera in cross 
neutralization tests. S.K. serum neutralized S.K. virus, hut not F.A. 
virus, and F. A. serum neutralized F. A. virus, but not S.K. virus. The 
results of these tests are showm in table 3. 

Table 3. 

Cross-neutralization tests with rabbit immunscra. 


I. S. K. virus 10—' -f S. K. serum 1 : 10 equal parts 
1 hour 37" C. 0.2 cc. i.p. 


II. S. K. virus 10—' + F. A. serum undil. equal parts 
» » 10—2 -f !) » » » 

» » 10 — 5 » » » » 

» i> 10 — ^ -1- » » ” " 

1 hour 37" C. 0.2 cc. i. p. 


III. F.A. virus (4 brains) suspended in 12 cc. F.A. serum 1 :10 
1 hour 37" C. 0.5 cc. i.p. 


I^^ F.A. virus (4 brains) suspended in 12 cc. S.K. scrum undil. 
1 hour 37" C. 0.4 cc. i. p. 


0:12 = from 12 mice none died. 

10* : 19 = from 19 mice 14 died and 2 were paralysed only. 


= 0:12 

= 1:1 
= 3:1 
= 3:1 
= . 1:1 


= 0:20 


= If/: If 


It will be seen clearly from table 3 that Columbia S. K. and Theiler’s 
F. A. virus are 2 serologically quite different strains of muiine polio- 
myelitis virus. Jungeblut has already demonstrated that bis S. K. virus 
is also different from Tbeiler’s G. D. VII virus and other spontaneous 
mouse-strains. 

If we quite briefly want lo touch upon the practical side of the 
problem — we mean the active immunization of man with poliomye- 
litis vaccine — we must say that we do not dispose of any experimental 
evidence arguing for the usefulness of a Columbia S. K. vaccine on 
man. We consider it doubtful that strains so intensively adapted to 
mice are of use for human purpose. 

Siimmanj. 

The authors report on active immunization tests on mice with 
Columbia S. K. virus (Jungeblut & Sanders) and F. A. virus (Theiler). 

When formalinized brain-vaccine was used, inlraperitoncal treat- 
ment with S. K. vaccine provided protection only against an intra- 
peritoncal S. K. infection, but not against an I'. A. infection routed in 
the same way. Conversely, F. A. vaccine protected only against an F. A. 
infection, but not against an S. K. infection. 

Working with a formalinized atuminiumhydroxidc vaccine of Co- 
lumbia S. K. virus cultivated in fluid tissue medium a. m. Jungeblut 
& Sanders, the authors obtained an immunity just as good as with 
a formalin-brain vaccine. 

In neutralization tests with rabhit immune sera i)re])arcd from 
Columbia S. K. virus and F. A. virus, they found protection only against 
the homologous virus strain. Therefore F. A. virus (Theiler) and Co- 
lumbia S. K. virus (Jungeblut & Sanders) must be regarded as two 
serologically different virus strains. 

The authors discuss the i)rohlcm of the active immunization of 
man against poliomyelitis, drawing attention particularly lo 
formalinized aluminiumhydroxide vaccines, which must be made from 
suitable virus strains. It seems very doubtful that the Columbia S. K. 
virus is suitable for this j)uri)ose. 

Our experiments are only to be regarded as model experiments, 
made for the purpose of getting nearer lo the problem of active im- 
munization. 
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NORWAY. (CHIEF: L. 0. DORGEN^M D.J 


PHAGOCYTOSIS OF PATHOGENIC MICROBES ON 
SOLID CULTURE MEDIA BY AN AMEBA 

By Kristian Odcganrd. 

(Received for publication October 1st, 1947.) 

Searching for antibotic microorganisms in soil samples, an anieba 
was found, able to ingest pathogenic microbes growing on the ordinary 
solid culture media. 

Tlie ameba was found in a soil sample taken close to the beach in 
the inner part of the Oslo fiord. In its vegetative form the ameba has 
a diameter of about 12 — 18 p.. In the cystic form the diameter is 
8 — 12 ji. The vegetative form may attain a length of 50 — 60 p when 
it expands in one direction, what it lends to do in motile preparations. 
As well in the vegetative as in the cystic form the ameba lias one 
nucleus only, relatively small and practically always situated centrally. 

So far, one has succeeded growing the ameba with bacteria only, 
and it is easily grown with most of the microbes available in a 
bacteriological laboratorium. It also grows on agar plates sown with 
killed bacteria. 

Spreading a culture of yellow staphylococci on an agar or blood- 
agar plate and then placing the ameba on this culture, it will be 
observed, after an incubation period of 48 hours at room temperature, 
that the staphydococci have disappeared in an area around the ameba 
and is being replaced by a thin, greyish layer of amebas, chiefly the 
cy^stic form, mixed with some non-ingested staphylococci. The boarder- 
line between this layer and the intact microbes consists of a raised, 
slimy' edge which marks the place where the vegetative forms of the 
ameba is fully' active ingesting the bacteria. As these are being in- 
gested, the amebas spread peripherally' in ail directions and has within 
three day's, on an ordinary’ 2 per cent agar culture medium, spread 
about 1 cm. in all directions. If the medium is not too dry, the ameba 
will cover the entire plate (ordinary Petri dish). When the microbes 
arc ingested, or if the culture medium gets too dry’, cy’sts arc formed. 

However, some bacteria will survive in the area of pliagocy’losis. 
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This is easily dcmonslralcd by making a new culture from Ibis area. 
At the same time amebas will also be transferred to the new plate, anc 
as soon as new bacteria grow up and Ibus supply nourishment for 
the amebas, these will immediately lake the vegetative form and again 
start the phagocytosis. 

Most Gram-positive cocci and intestinal Gram-negative rods are as 
easily ingested by the ameba as the staphylococci arc, but Gram-positive 
rods arc much more slowly iihagocytoscd. 

The ameba grows and Ibrivcs well at room tcmpcralxirc. At 37 
degress it thrives poorly. To test the phagocytosis of microbes which 
do not grow at room temperature, the microbe is first incubated at 
37 degrees for 24 or 48 hours. The ameba is then inoculated and the 
phagocytosis left to take place at room temperature. 

Below a survey is given over the phagocytosis of different kinds 
of microbes. The intensity of the phagocytosis is indicated by +, + +. 
and + + + . Ordinary lactosc-bromtbymotbluc agar plates arc used for 
Gram-negative rods. Tor most of the other microbes tested, blood-agar 
plates have been used, both with 2 ])cr cent agar. The phagocytosis of 
tubercle bacilli was tested on Lnwcnstcin’s medium. The amebas were 
mixed with Bact. Alcaligcncs f.'ucalis and then transferred to the 
plates. 


.‘Ucnligcnes hccnlis -!- + + 

Escherichia coli ■. + + + 

Morgan I -)• + + 

Salmonella typhi + + + 

Salmonella paratyphi B + + -1- 

Salmonella typhi murium ... + + -!- 
Shigella III +-t- + 


Staphylococcu.s aureus + + 

Diplocorcus pneumoniae t. Ill + + + 

Streptococcus hemolyl +-!- 

Bacillus suhtilis 4- 

Bacillus aniracis + 

Corynehact. (li])hthorine 4- 

Myohact. tuberculosis 4- 


As to the physical characteristics, the ameba did not survive a 
temperature of 60 degrees in half an hour. It also died when de- 
hydrated, but freezing and thawing did not kill the ameba. 

As to its classification, the ameba probably belongs to the tribe 
Vahikampfia. This tribe consists of bactcria-ingesting amebas, which 
as a rule arc small and in the cystic form have one nucleus only. They 
arc widely distributed in the nature, partly free-living, partly in the 
intestine of different animals, such as, for instance, frogs and* oysters. 
Handbooks of protozoology states that these amebas may be cultivated 
with bacteria on culture media, but it is not seen described in the 
literature how the amebas act upon pathogenic microbes. 

The ameba was apathogcnic to mice, cc. of a relatively dense 
suspension of the ameba (mixed with Alcaligcncs fmcalis) injected 
intraperitoneally failing to imoduce evidence of disease. 

'the ameba docs apparently not produce any bacteriostatic or 
bactericidal agent. 'Hie fact that living microbes may he found on a 
plate where phagocytosis has taken place indicates this. The bactcrio- 
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Phagocytosis of Slapliylococcus aureus on blood agar, incubated for 72 hours 
at room temperature (X 2). 

(Tlie amebas are streaked across the staphylococcal plate spread). 

lysis seems to he connected with an endogenous process of the amciia. 

One has not succeeded in an attempt of extracting bactericidal or 
bacteriostatic substances from the ameba, but these investigations will 
bo continued. 


Summary. 

In a soil sample from the beach of the inner part of the Oslo fiord, 
the author has found an ameba which shows a great ability to jdiago- 
cytose pathogenic microbes on the ordinarily emploj'cd solid agar 
media. 

The ameba has one nucleus only, as well in the vegetative as in 
the cystic form, and has a diameter of 12 — 18 p (vegetative) and 
8 — 12 p (cystic). 

Further investigations will be carried out in order to try to find 
the bacteriolytic principle. 
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STUDIES IN GRAM-NEGATIVE ANAEROBES. 

1. A HEMOPHILIC GRAM-NEGATIVE ROD 

By Svcrrc DicU Hc)}rH:sc)). 

(Received for publicntion October 2nd, lOi"). 

A great variety of gram-negative anaerobic rods have been de- 
scribed, and various, more or less successful attemiits at classification 
have been made. In practical work with anaerobic infections, however, 
it is surprising how often one comes across strains that arc difficult 
to classify or unclassifiablc. It may be reasonable to suspect that only 
a fraction of the existing gram-negative anaerobic rods have been de- 
scribed so far, and there may consequently be reason to fear, thal 
the wilderness, whicb this group represents to-day, may become in- 
creasingly confusing, until eventually some solid basis for a biological 
classification can be found. 

Work has been in progress in this laboratory for a number of 
years in order to clarify the biological properties and classification of 
some microbes belonging to this group (Henriksen 1936, Thjotta ct al. 
1939, Boe 1941, Boc and Thjotta 1944, Lahclle and Thjotta 1945, 
Lahclle 1947). 

It is possible that the species, which have been studied so far, 
with a few exceptions, represent the fraction of the group that can be 
cultivated with the least difficulty, while microbes of this group with 
peculiar nutritional demands may yet be unknown. 

In this and the following paper some such strains will be described. 
Due to the difficulties in cultivating these strains, the study of their 
biochemical activities is only fragmentary. Still their properties arc 
sufficiently characteristic to make their recognition casj’. 

Description of strain. 

Origin. This strain (844 L. F.) was isolated from a fatal case of 
pyemia, reported elsewhere (Henriksen 1947), caused by a mixed 
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anaerobic flora, including B. fragilis, Fusobaclcrium, anaerobic siren 
tococci and another unclassifiable strain of gram-negative rods Thcfo 
was no reliable evidence to decide which of these iiiicrohcs vcrc of 
primary pathogenic importance. 

Isolation. No colonies of this strain were found in the primarv 
culture. As a number of fusiform rods were seen in films of ibc pus 
attempts were made to isolate these by means of selective baclcrio- 
stasis in lubes of broth containing a piece of fresh potato tissue and 
gentian violet. By spreading the 4th and the 5th subculture in such 
tubes on blood agar, colonies of a typical strain of Fusobaclerimn and 
of strain 844 L. F. were found, after anaerobic incubation for many 
days. The latter colonies were tiny, just visible (about 1/4 nun), flat 
and transparent. 


Morphological properties. Very thin fusiform gram-negative rods, 
measuring about 3 — 6 my X — % m, straight or slightly curved, 
with thin pointed ends, and mostly of fairly uniform dimensions. The 
appearance in solid and liquid media was the same. The most striking 
peculiarity was a distinct, spherical or slightly oval swelling at Ibc 
middle of many of the rods, measuring 1% to 2 my. The swellings 
were evenly, often strongly stained, and were not found in a free 
state. The rods were gram-negative with a low affinity to the counter 
stain. A strong stain such as carbol fuchsine had to be used to gel 
clear pictures. (Photo no. 1). 

No motility could be detected. 

Cultural properties. 


Cultural properties. On blood agar plates colonics could seldom 
be seen after the first three days’ incubation. After 4 to 5 days or 
later they appeared as minute dust particles on the surface. In the 
course of 10 days to 3 weeks they increased up to a diameter of 
Yz mm or occasionally 1 mm. In young cultures they were round, flat, 
slightly irregular. With increasing age the irregularities increase and 
after 14 days to 3 weeks the colonics have an irregular dentate or 
lobate margin. Growth on blood agar is uncertain. On sojnc j)lalcs 
growth is fairly good, while on others it may fail alltogelhcr. On such 
plates one may sometimes find a small group of typical colonics ar- 
ranged as satellites within a few milimeters of contaminant colonics. 
Even on plates which gave fairly good growth, it was denser anc 
with larger colonics round contaminant colonics. Practical use was 
made of this preference for symbiotic growth to ensure growth on 
the plates, a Staphylococcus being used as the growth-promoting or- 
ganism. (Photos nos. 2 — 4). 

No growth on solid media without blood. 

No growth was obtained in broth, peptone water or semisohd brain 
heart medium, while in lubes of broth containing » 
potato tissue a very faint turbidity appeared after 48 to /2 Jiour., 
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somelimes starting as a fine cloud round the potato. Neither gas nor 
odor nor indol were produced. 

Growth was also obtained in broth containing 10 % blood or blood 
and a piece of potato. In broth containing the V-factor of Tbjotta and 
Avery, in the form of yeast extract, or the V and the X- factor (auto- 
claved blood extract) a very slight sediment of growth was obtained, 
while no trace of growth could be seen in tubes of broth with the 
X-factor alone or without either factor. 

Addition of 1 or 2 % of glucose to liquid media did not improve 
growth, nor could any significant acid-production he found (pH 6.48 
as against 6.75 in a tube without glucose). 

No growth occurred in aerobic conditions or in a partial CO„ 
athmosphere. 

Pathogenicity. Organisms from potato broth or from blood agar 
plates were inoculated intra-ahdominally into mice. No reaction oc- 
curred. 

The strain has been under cultivation for 1^: years and has re- 
mained constant throughout this period. 

Di.'tcn.'ision. 

No reference has been found to any organism of these properties. 
It is evident that this strain must he considered a hemophile, in so 
far as it requires the V-factor, although not the X-factor. At present 
no hemophilic anaerobic gram-negative rod is included in the genus 
Hemophilus, nor in Baeteroides. 

Still it is not surprising that such microbes should exist. It is very 
likely that microbes showing the same deficiencies in their enzymatic 
equipment may develop from widely separated progenitors. There is 
e. g. no reason to believe that all the different anaerobes known to 
day have any common phylogenetic origin. Nor is there necessarily 
any reason to hclicvc that the hemophilic property signifies a com- 
mon phylogenetic origin. Although .such properties may he useful in 
separating microbes into groups for practical purposes, a classifica- 
tion based on such properties alone may perhaps lead to a false con- 
ception. In this connection it may he mentioned that two strains of 
grampositive rods with hemophilic properties, tentatively classified as 
Corynehactcria, were recently described from this Iqhoratory (Svend- 
sen et. al. 1947). 

The classification of our strain may consequently he considered 
doubtful. According to its growth characteristics it might he classified 
either as a Hemophilus or as a Baeteroides, and if its morphological 
properties are considered, classification as a Fusobactcrium might 
seem reasonable, although it shows none of the more striking hio- 
chemieal activities of the genus. 

It is felt that final classification should be postponed until more 
strains ean be found and studied. Temporarily it might he convenient 
to eonsider it a member of genus Baeteroides, which already is hetero- 
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geneous enough to admit some new members. It is possible tbnl this 
strain maj' be found to represent a new species. As strains of this 
type are difficult to isolate and may easily be missed in the cnllurcs, 
it is felt that the chance to isolate similar strains is a rather uncerlain 
possibility, greatly dependent on luck. Therefore, it is thought to he 
justifiable to describe this single strain. 

Summary. 

A strain of thin, fusiform gram-negative anacrol)ic rods was isolated 
from a case of anaerobic infection. It was cliaracterized hy the pro- 
duction of spherical swellings at the middle of the rods, hy an absolute 
requirement for the V-factor and a preference for symbiotic growth 
with other organisms. It is suggested that the strain should he con- 
sidered as belonging to the genus Bactcroidcs, until further evidence 
can be obtained. 
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Photo 7tO. 1. 

Microbes from ~2 liours’ ))otato 
both. Stained with carbol fiiclisinc. 

X lS.a(). 

Photo 710. 2. 

Colonies on blood agai’. 33 days. 
X 10. 










Photo no. :i. 

Colonius growing ns satollilos 
arouiul contnminniit. Blood ngnr, 
13 days. X 10. 


Photo 710. 4. 

I)(Misi> growtli of .small satellite 
colonies round contaminant. 
Blond agar, 11 days. X 1(1. 
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STUDIES IN GRAM-NEGATIVE ANAEROBES. 

II. GRAM-NEGATIVE ANAEROBIC RODS WITH 
SPREADING COLONIES 

By Svcrre Dick Ilenrikscn. 

(Received for publication October 2nd, 1947.) 

A number of aerobic and anaerobic species produce spreading 
colonies on solid media, but apparcnllj' this type of colony has not 
been found in any of the gram-negative, non-spore-forming anaerobic 
rods. 

Some strains isolated in this laboratory have shown this properly 
and also other peculiarities. In many respects these strains were 
similar, while they differed in others. Consequently they may con- 
veniently he described together, with the rcscrv’ation that they nwy 
not necessarily belong to the same species. 

Description of strains. 

Origin. One strain (1424) was isolated from the genital tract of a 
voinan suffering from endometritis. The second (K. A. 93) was isolated 
from the pus of a fetid pulmonary abscess, while the third (A. .1.) 
was isolated from the pus of a perineal abscess. In all cases sevcr.al 
other anaerobic organisms were isolated. 

Isolation. Strain 1424 was isolated from the primary blood agar 
plate, by fishing some tiny colonics after several day’s incubation. 
Strain K. A. 93 was only obtained in pure culture after about C weeks. 
.At first it grew only in mi.xed colonics with several other organisms, 
and a number of replatings were necessary' before this mixture could 
be separated into the individual components. 

Strain A. .1. was isolated from the primary culture after 8 days 
incubation. No isolated colonics of this strain were found on the ])lalc, 
but subculture of a thin spreading film which surrounded a group 
of different colonics yielded a pure culture of this strain. In all cases 


369 


isolation would have l)ccn impossible unless Ibe primary and second- 
ary plates bad been incubated for a number of days. 

iMorphologii. All strains were small, slender gram-negative rods. 
All strains also produced a number of very small rods and liny gram- 
negative particles. One strain was rather homogeneous, producing 
mainly short and medium, slender, straight or slightly curved rods 
(photo nr. 1). The other strains were more pleomorphic with a pre- 
dominance of liny particles, and one of them (A. J.) also usually 
produced some larger, swollen rods and irregular structures (photos 
nos. 2 and 3). All strain were gram-negative and look the counter 
slain poorly. A strong slain like carbol fnchsine had to be used to 
differentiate all the elements. 

One strain (K. A. 93) showed an unusually active motility, both 
from blood agar surfaces and from liquid media. Often the rods 
moved so fast that it was difficult to get a view of them before they 
had crossed the entire field. Others rotated rapidly or showed pendulat- 
ing movement back and forth. 

In spile of numerous allcmpts no motility could be detected in the 
two other strains at any stage of growth. 

Cultural properties. All strains grow very slowly on blond agar. 
After *18 hours the colonics are barely visible, or visible only with 
magnifying glass. Young colonics were of two types, cilher slightly 
raised, flat, smooth or slightly irregular, or they appeared as depres- 
sions in the .surface instead of raised colonics. Tbso depressions were 
shallow, circular or slightly irregular, and they varied in size from 
about 0.2 mm. to about 1 mm. (photos nos. 4 and 5). Such depres- 
sions were seen in cultures of all strains, but with varying frct]ucncy. 
In strain A. J. the depressions were the rule, whereas raised colonies 
were rare exceptions. In strain K. A. 93 some cultures contained mainly 
depressions, others mainly small irregular flat colonics (photo no. 6). 
Strain 1424 usually started growth as tiny, smooth colonics, and de- 
pressions were only found in occasional cultures. On continued incuba- 
tion the depressions gradually were filled with bacterial growth, and 
became surrounded by a low, narrow wall with a granulated surface 
(photo no. 7). At the same lime many colonics were surrounded by 
a delicate halo of growth, at first visible only as a slight dullness of 
the agar surface. Later this first halo became somewhat thicker with 
a finely granulated surface, while a new thin halo was formed heyond 
it. Finally, after 3 to 4 weeks in the incubator, a scries of concentric 
zones of growth could be seen, resembling the zones formed round 
colonics of Proteus vulgaris, but on a greatly reduced scale (photos 
nos. 8 10). Growth never was heavy, and only a small quantity of 

microbes coidd be .scraped off even old cultures. This concentric spread- 
ing groxvlh was especially marked in strain A. J., while in the other 
strains it was more irregular and sometimes did not occur to any 
great extent. Growth seemed to continue for at least 4 weeks. 
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After 2 weeks or more a gradual digestion of the blood under the 
growth appeared, and sometimes clear, transparent zones might he 
formed. 

On ascites agar growth is much poorer than on blood agar, and 
subculture on nc\V ascites agar plates usually fails. On lactose agar 
a meager growth may he obtained with two of the strains (A, .1, and 
1424), whereas strain K. A. 93 failed to grow. The two former strains 
might also produce a feeble growth on a second, and occasionally a 
third, lactose agar plate, after which growth failed entirely. It is pos- 
sible that some growth stimulating substance may have been carried 
over from the blood agar plate with the inoculum. 

For a considerable time it was believed that these strains wore 
unable to grow in liquid media, as no signs of growth could he seen 
in any such medium, and microscopic examination of the cultures gave 
very uncertain results. However, it was later found that these strains 
multiply in certain rich media, although the multiplication apparently 
is too slight to produce visible turbidity or sediment. 

In tubes of broth containing 10 % blood or blood and a piece of 
potato, no turbidity stronger than in uninoculated control tubes could 
he seen (strain K. A. 93 possibly produced a just perceptible turbidity 
in certain woung cultures). On microscopic examination of thc.se 
cultures, a moderate number of very active motile rods could be seen 
in strain K. A. 93, while cultures of the other two strain only contained 
a very small number of nonmotilc rods, which might very well only 
represent the inoculum. Further, a number of tiny particles were seen, 
hut similar particles Avere also found in uninoculaled tubes, and no clear- 
cut differentiation could he made. However, subculture of these tubes 
on blood agar after 24 hours to 30 days gave growth of a considerable 
number of typical colonies. Cultivation in a series of blood broth tubes 
was attempted, and subculture of the 6th transfer in blood broth on 
blood agar plates gave just as good, or better, growth than from the 
first tube. Thus there is no doubt that some growth must occur in 
such media, and that it can be brought to continue, probably for an 
unlimited period of time. 

Similar results were obtained with broth, or ascites broth, contain- 
ing a sterile piece of animal tissue (guinea pig kidney or liver). On 
the other hand no growth occurred in peptone water, plain broth, 
broth with a piece of potato or semisolid brain heart medium. 

Neither gas nor odor were produced in any fluid medium. 

No growth was obtained under aerobic conditions. 

Pathogenicity. Mice showed no reaction after intraahdominal in- 
jection of a saline suspension of microbes from blood agar plates. 

Discussion. 

The strains described above do not seem to conform with any 
species described so far. In their morphological and cultural propertied' 



all strains arc very similar, but the fad lhal one strain was fonml to 
be motile, whereas no motility could be demonstrated in the otbcis, 
may suggest a difference. The possibility should be considered, how- 
ever, that the failure to demonstrate motility in two of the strains 
may have been due to some technical difficulty rather than to lack 
of motility. It is well known that motility can only be demonstrated 
in some amacrobes if exposure to oxygen is prevented or reduced to a 
minimum. It is possible that some such difficulty may be the reason 
in this case also. Otherwise these strains did not seem to be very 
sensitive to oxygen, and successful subcultures could be obtained even 
after the plates had been exposed to air for several hours. 

The strains were characterized by a number of pcculiarilics. The 
most striking of these, perhaps, is the tendency to start growth on 
solid media in the form of dcj)rcssions rather than raised colonics. 
The cause of this phenomenon is unknown. It does not appear to be 
due to digestion of the agar, since no progressive digestion occurs 
even' after very long incubation. 

A second peculiarity is the tendency to produce a continuous, 
spreading growth, with concentric zones of spread in a similar manner 
as in Proteus. Spreading is not very uncommon, and is known in a 
number of aerobic and anaerobic species (Proteus, Kurthia, Clostri- 
dium), but in these eases it is always accompanied by active motility 
of the individual organisms. Whether motility is actually the cause 
of swarming may perhaps not be quite settled. The fact that many 
strongly motile organisms do not spread on solid media, may suggest 
some additional mechanism in those that do spread. Still, spreading 
in non-motilc organisms would be unusual. 

Finally the slow growth, feeble growth energy and failure to grow 
on simple media arc very cbaractcristic of these strains. It is not 
known which growth substances the strains demand, but it appears 
to be some substance, or substances, contained in blood and animal 
tissues, but not in plant tissue. 

In spite of their j)oor and slow growth, the organisms seem to be 
rather hardy, and keep alive for a considerable lime — at least 
days in culture at 37 C. 

Final classification of these organisms .should probably not be at- 
tempted until more strains have been studied and a more detailed 
knowledge of their properties has been obtained. 

Two possibilities of classification suggest tbcmsclvcs. One is to 
consider them members of Genus liactcroides. With regards to strain 
K. A. 93, at least, classification as an anaerobic vibrio would be another 
possibility. The fact that these rods were very actively motile, and lhal 
they often appear to be somewhat curved may be mentioned in sup- 
port of this. Previous authors have frequently found motile anaerobic 
vibrios in anaerobic infections (Smith 1928, 1930a, 1930b), but no 
detailed description of the properties of such vibrios has been found. 
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Summarij. 

Three strains of gram-negalive anaerobic rods, isolated from cases 
of mixed anaerobic infection, arc described. 

Tlicy were characterized by a very slow and meager growth, by 
a tendency of young cultures to produce shallow depressions in the 
Llood agar surface, instead of colonics, and by a continuous, spreading 
growth, in the form of concentric zones. Motility could only be de- 
monstrated in one strain. ... 

They seemed to be very inactive biochemically and to require neb 

media. Classification is discussed. 
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Strain K. A. 93. From 7 days’ 
blood agar culture. Stained witli 
carbol fuclislne. X 1500. 



Photo no. 2. 

Strain 1424. From 8 days’ blood 
agar culture. Stained with carbol 
fuclisine. X 1850. 



Photo no. 3. 

Strain A. .1. From. C days’ blood 
agar culture. Stained with carbol 
fuchsine. X 1850. 



Photo no. 4. 

Strain A. J. Blood agai’, 4 days. 
Shallow depression and tiny, 
raised colony. Photographs un- 
fortunately give the false im- 
pression that the depressions are 
conve.v. X 17. 
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Photo no. 5. 

Strain K. A. 93. Blood agar, 4 
days. Small crater-shaped colo- 
nies" consisting of central depres- 
sion, suri'ounded by wall of 
growth. X IG. 


Photo no. 6. 

Strain K. .\. 93. Blood agar, 3 
days. Flat, irregular colonies. 
X 16. 


Photo no. 7. 

Strain .\. .1. Blood agar. S days. 
Dc'iu’o.^sion which i.s in the jirocess 
of being filled out with growth, sur- 
rouiuied by wall. The original pho- 
lograpli .shows that the agar surface 
surrounding the colony is finely 
granulated, due to a tliin film of 
growth. X 14. 


Photo no. S. 

Strain K. A. 93. Blood agar, 21 days 
Colony surrounded by two cmi 
centric zones of growth. X 1C. 
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Photo no. 9. Photo no. 10. 

Strain 142-i. Blood agar 22 days. Strain A. J. Blood agar, 21 days. 

Raised, smooth plateau, surrounded 7 concentric zones of growth. X 15. 

by a lower, granulated zone, and a 
very thin film. X 17. 
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SOME INVESTIGATIONS INTO THE PENICILLIN 
SENSITIVITY OF HUMAN-PATHOGENIC 
ACTINOMYCETES 

AND SOME COMMENTS ON PENICILLIN TREATMENT OF 

ACTINOMYCOSIS 

By Per Holm. 

(Received for publication October 17tl), 1947). 

According to reports from the last 3 — 4 years penicillin has been 
used for treatment of quite a number of cases of human actinomycosis; 
M. E. Florey & II, IF. Florey (1943), Keefer et al. (1943), IlcrrcU & 
Nichols (1943), Vaughan Hudson (1943), Lyons (1943), IlcrrcU (1944), 
Chrislic & Garrod (1944), Wollgasi (1944), Herrcll, Nichols (C Ilcih 
man (1944), Mclcncy (1944 b), Herrcll & Kennedy (1944), Roberts, 
Tubbs & Bales (1945), Walker Hamilton (1945), MacGregor (1945). 
McCrca, Steven & Williams (1945), Nacnab (1945), Hendrickson S: 
Lehman (1945), Dobson & Cutting (1945), Hamilton (t Kirkpatrick 
(1945), Herrcll (1946), Vaughan Hudson (1946), Abrahams & Miller 
(1946), Mclcncy (1946), Piper (1946), and Lachmann (1946). 

It appears from tlic reports that in some cases penicillin seems lo 
have had a curative effect on the disease, whereas in other cases it 
has been without any effect at all. 

With regard to the treatment of patients with actinomycosis it 
will be of interest to find, why Uic penicillin does not influence .some 
patients. By reading the various authors’ cases it will be seen al once 
that some of the patients have received very little penicillin, while 
others have received large doses, that some have been treated for a 
short lime, others during a longer period. There is no doubt that the 
duration of the Ircalmenl and the size of the doses must he important. 

To obtain favourable results when treating an infectious disease 
with an antibiotic it is, however, a necessity that the agent of Ibis 
illness is sensitive lo the substance in question. Consequently, it 
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of great interest to determine whether ray fungi can he influenced 
by penicillin. Already more reports on such investigations have been 
published. It is evident from the following that these sensitivity de- 
terminations have been performed with vast differences in technique 
and results. 


Abraham et al. 1941 (the Oxford team) have examined a strain of »A. 
bovis (hominis)« by cultivation in deep glucose agar shake culture with 
penicillin; they state that the strain examined had the same degree of 
sensitivity as Staphylococcus aureus. 

Fisher (1943) has examined 2 strains of »Actinomyces bovis«. He writes 
nothing about the characteristics and origin of the strains concerned, nor 
does he write anything about the way in which the experiment has been 
conducted; it is recorded in his work that he found the strains to be 8—10 
times as resistant as Staphylococci. 

Garrod (1944) has determined the penicillin sensitivity of 6 strains of 
Actinomyces originating from patients treated by MacGregor and by Roberts, 
Tubbs (fc Bates. About one of these ray fungi, cultivated from a patient with 

actinomycosis of the lung, it is reported that it »was an atypical strain«. 

Garrod determined the sensitivity of Actinomyces by cultivation in a series 
of broth tubes containing decreasing concentrations of penicillin anaerobically 
incubated for 10 days, an identical series being inoculated with the Oxford 
H strain of Staph, aureus as a control. His experiment shows that some of 
the strains of Actinomyces had the same degree of sensitivity as the standard 
Staphylococcus, others being 8 — 16 times as resistant. 

Keeney et al. (1944) have examined »an anaerobic actinomycetc, a cause 
of human actinomycosis«. They write the following about the investigations: 
»Tubes of thioglycollate media containing 0.005, 0.01, 0.05, 0.1, 0.5, 1.0 and 
10.0 Oxford units of penicillin, respectively, were inoculated with 0.1 cc. of 
the granules and media of a 4 weeks old culture of Actinomyces bovis, and 
incubated at 37® C. for 3 weeks. Freshly prepared penicillin was re-added to 
the tubes every 48 hours so that the original concentrations of penicillin 
could be maintained tln'oughout the entire period of 3 weeks. The gi’owth in 
the penicillin treated cultures was compared with the growth in 2 control 
cultures. 


At the conclusion of these experiments the inocula were removed as 
completely as possible from those tubes in which there had been obvious 
or complete inhibition of growth and transferred to tubes of unmedicated 
thioglycollate media. These tubes with the transplanted inocula were in- 
cubated at 37® C. for 4 weeks and noted for gro\\'th. If the granules failed 
to increase in size or multiply during this time of incubation, we assumed that 
they had been killed as well as inhibited by the previous exposure to peni- 
cillin«. They found that their strain of Actinomyces had been killed by 
concentration of 0.01 Oxford unit of penicillin per millilitre medium. 

Dobson ct- Cutting (1945) have investigated the penicillin sensitivity of 3 
strains of Actinomyces. All 3 of them are most likely to be old laboratory 
strains; at least one of them has nothing to do with actinomycosis, as it 
^ evident from their table 2 that the strain has been isolated from the air. 
For 7 days they cultivated the strains in thioglycollate medium, containing 
varying concentrations of penicillin. From a table it is seen that their ray 
ungi grew in broth, containing li/^ units of penicillin per millilitre, but that 
they were somewhat inhibited in growth by this concentration. 

, ®^P®^i^nces from the Mayo Clinic, Herr ell (1946) wites in his 

Strains” ofT?™ Antibiotic Agents«, the following: »Nearly all 

action of ptSSr'' 
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Abrahams rf- Miller (19iG) cuHivated from 2 patients 2 strains o{ \ctina 
myces sliowinp Hindividual morpliological and cnltiiral difforciicc';- Tii.n' 
determined tlie influence of tlic penicillin on the 2 strains in tlic follnwiir 
way; »One— tenth millilitre of a 9G-hour broth culture of each strain < 
inoculated into tubes of glucose (1.0 per cent) nutrient agar containing' varviir 

concentrations of penicillin The inoculum was thoroughly mixed \viil'i 

the agar and the culture was incubated at 37“ C. Density readings wen 
taken after 9G hour.s<f. Both strains were totally inhibited by 0.2 units et 
penicillin per millilitre medium, one of them also by 0.1 units. 

Author’s Investigations. 

In Denmark the baclcriological c.xaminalion of specimens of pay 
cxpccloralion etc. for Aclinomj'ces, has for a number of years been 
centralized at the State Serum Institute, where about 350 sampler 
are now examined yearly for that microbe. In connection with Ihc 
routine diagnostic work, a scries of different (not yet published) ex- 
aminations on the bactcriology^ of actinomycosis has been performed. 
Accordingly, it seemed appropriate also to submit to closer examina- 
tion, the problem of the penicillin sensitivity of human-palhogenic 
Actinomycctcs, especially as the continuous supply of samples gave 
easy access to freshly isolated strains. 

On Selection and Pure Cnltwation of the Aciinomijces-Strains. 

The micro-organisms of the Actinomyccs-group can be divided 
into numerous species, which are to be found widely spread. They 
arc met with in soil, in the atmosphere, in water, on the mucous 
membranes of the wai’in-bloodcd animals, for example in Ibc oral 
cavity of man, and most likely also on the skin. Many of the ray fungi 
which arc described as originating from the disease products in man. 
are actually contaminations, which have cither been mixed into the 
pus during the taking, or into the media during the inociilalion and 
cultivation. 

To draw conclusions from investigations into the penicillin .sensi- 
tivity of the Actinomycctcs regarding the possibilities of treating pa- 
tients suffering from actinomycosis with this substance, it is of vital 
importance that those strains examined have actually been the cause 
of disease. 

Is it at all possible to decide whether a microbe is pathogenic, and 
how? 

According to Lofflcr, (1887) as well as to Bulloch, (1938) Ilcnle 
(1840) is said to be the first one to ponder over that problem. In 
Henle\ time, the causes of the infectious dicascs were unknown, but 
it was supposed that they were brought about by some agents, called 
contagia. The thought occurred to Ilcnle that these agents must be o 
organic nature, living, in possession of individual life, and that in 
relation to the diseased organism they must be parasites. He presumes 
that these contagia must be s-bcwcgliche niicrchcn odcr deutlicu 
Pfianzenc, he knew one contagium, namely the mould delected n 



379 


Bassi ^Yhicll is the cause of Muscardine, a disease of silk-worms; he 
had searched for contagia in the disease products in man, hut did not 
find them, and was of the opinion that it would he hard to find them. 
He would, however, acknowledge a contagium as heing the cause of 
an infectious disease, 1 ) if it could constantly he found during it, 
2) if it could he isolated, and 3) if by means of the isolated contagium 
it was possible to produce the same illness again experimentally. 

Those are Henlc’s conditions or as Lofflcr (1887) called them: 
»die drei Postulate der strengen Logik Hcnlc’s«. Sometimes, the same 
conditions are mentioned as /voc/i’s postulates' (sec Fildes & McIntosh 
(1920), Bulloch (1938)), which is probably partly due to the fact that 
in his work from 1884; »Dic Atiologi der Tuberkulosc« Koch had 
advanced exactly those 3 conditions to acknowledge the tubercle ba- 
cillus found and cultivated by him as the cause of tuberculosis. 

Have all those 3 conditions now been fulfilled as far as the actino- 
mycosis is concerned? By no means. True enough, a characteristic 
microbe: Actinomj'ces, has permanently been found by microscopy. 
Thus condition no. 1 must be said to have been fulfilled. 

What then about the second condition: the isolation of the microbe? 
Here it must be said that quite a number of research workers who 
have investigated the etiology of the actinomycosis, have undoubtedly 
isolated the pathogenic Actinomyces, but this is far from being valid 
for all of them; a great many authors have used such methods for pure 
cultivation, that they have been unable to decide whether a possibly 
cultivated Actinomyces was a contamination, or wliethcr it was the 
microbe occurring in the pus. 

Condition no. 3 is but seldom fulfilled; only exceptionally, has 
it been possible to develop experimental actinomycosis in animals, not 
even by Actinomyces strains cultivated from patients. 

Supposing one had to follow Henle's or Koch's, strict rules, one 
might actually think that the main part of the Actinomycetes, up to 
now heing cultivated from human beings with actinomycosis, arc non- 
pathogcnic, and in this way have nothing to do with the disease of 
the ray fungi. This point of view can, however, not be true even if 
there is no doubt that some of them are contaminations. Other human- 
pathogenic microbes also are known to be non-pathogenic to animals, 
and we, consequently, have to find a different way in which to draw 
nearer to the solution of the problem. Again we turn to Robert Koch 
and now find that in an earlier work (from 1881) he has given a 
different definition of what is understood by a pathogenic microbe. 
In his paper; »Zur Untersuchung von pathogenen Organismcn« he 
writes the following: »Sobald also Baktericn, und dassclbe gilt ganz 
ehenso von anderen Mikroorganismen, im Innern der Organc ... oder 
im Gewebe selbst ... gefunden werden ... dann miissen solche Mikro- 
organismen als pathogen angeschen werden, mindestens miissen sie 
verdiichtig erscheinen und zur w’citercn Untersuchung und Aufklarung 
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dcs Befundes auffordcrn.« Adhering to that definition, it will al -ill 
events now and then be possible to find a strain of Actinomyces of 
which can be said that in all probability, amounting almost to ccrlainlv 
it is pathogenic. Being patient one may by begrccs collect a series of 
strains, to be designated as pathogenic. 

As initial material when collecting such strains, only pus laken 
from closed lesions can he used (i. c. abscesses or empyema nol vcl 
incised), otherwise one cannot he certain that possibly detected mi- 
crobes do originate from 3>the interior of the organs or from the 
tissues. « The samples must he taken by puncture with a sterile syrince 
or after incision through previously disinfected skin, (nol through 
mucous membranes which can only with great difficulty be sterilized 
efficiently). Furthermore, the very cultivation from the samples imisl 
he carried out in such a way as to show from the result of the bac- 
teriological examination, whether an Actinomyces, originating from 
the pus, has been detected, or whether it is a contamination, grown 
on the media. As will he seen, great demands arc made on pure cultiva- 
tion. 

Regarding the present investigations, it was particularly fortunate 
that I had previously worked out a method for cultivation of ray fungi 
from pus. Later on, a report will be published on these experiments, 
here is mentioned only that blood proved to contain substances which 
had a growth-increasing effect on all human pathogenic Aclinomycelcs. 
Carbon dioxide also had a favourable influence on the growth, and its 
presence was necessary to obtain growth of some strains. Moreover, 
it appeared from the experiments, that the Actinomyccles wore able 
to grow on the surface of solid medium (blood-agar), when the cultiva- 
tion look place in jars under anaerobic conditions. In practice, exami- 
nation of a sample from a patient suffering from actinomycosis is per- 
formed in the following way: By means of a Pasteur pipette 2 .1— d 
granules (a little pus, if granules arc nol present) arc procured and 
placed on a sterile slide with some broth. The granules arc then crushed 
with another slide as carcfidly as possible. From the very thin suspen- 
sion made this way, 4 blood-agar-plalcs arc inoculated (nutrient agar 
with 10 % of sterile horsc-hlood) . 2 of those plates arc cultivated 
aerobically in the usual way in an incubator, the 2 others arc placed in 
a Zcixslcr-iar (1028), from which the air has been exhausted In a 
Pfeiffer'^ oil-pump. A vacuum having been obtained in the jar, about 
;") ^,'c of carbon dioxide is generated by means of sodium bicarbonnU 
and sulphuric acid, placed in the jar beforehand (principle: Marlin 
/{ristensen, 1028). The inoculated plates are incubated for a da.ss a 
37" C. 

The method is good. If many filaments have been detected on 
microscopic examination of the pus there will, as a rule, also be growl i 
of many colonics of Actinomyces on both plates cultivated anaerobica 
ly and of almost the same number on each of them. When Ibis agree 
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ment is present between microscopy and cultivation, one is entitled to 
conclude that the cultivated Actinomyces was found in the pus, and in 
such cases where many colonies of Actinomyces have been developed, 
a pure colony may he transplanted, and this culture incoi'ijorated 
in the collection of the human pathogenic strains. On the other hand, 
one should not keep the strain, if only a few colonies of Actinomyces 
are found on the plates, and especially if these appear on one plate 
only. In all probability, a pathogenic strain may no doubt he seen 
in a number of these cases, hut there is no definite basis for it. In 
addition, the method of cultivation mentioned above is not only 
qualified for scientific use, hut it has also proved immensely valuable 
for the routine diagnostic examinations. Nearly always it yields growth 
of Actinomyces, this microbe having been detected by microscopy. In 
some cases growth has been obtained, when microscopy had not led 
to any positive results. The method fails, however, if besides Actino- 
myees the pus also contains prolcus bacilli or other swarming mi- 
crobes. 

Record of the Pure Actinomijcetcs and Their Bacteriology. 

The strains for the examination mentioned in the following have 
been collected according to the above indications, and they arc entered 
in table 1. On each strain information is given as to whether the sample 
of pus has been taken from an abscess or from an empyema, how the 
pus has been taken, whether disinfection has been carried out before 
the taking, and the result of the bacteriological examination, especially 
reporting hov many colonics of Actinomyces were found at the 
primary cultivation of the plates inoculated with pus or granules. In 
table 2 a few clinical notes arc given of the patients from whom the 
strains have been cultivated. Here, the localization of the lesion is 
noted, as well as for how long the patient had been ill when the 

ti * o -t i_ 

* 1 — » — _ — V 

to the physicians sending in the samples, arc given. Tlic strains have 
been isolated from samples sent to the institute during 2 periods, from 
8/7 to 29/12 — 40, and from 3/8 — 45 to 16/5 — 46, respectively. All the 
strains from 1940 were dried immediately after pure cultivation by 
Flosdorf-Mudd’s method (1935) and were kept in this state directly 
up to the time of their examination. The strains from the last period 
were sown in semi-fluid agar, and thereupon kept at room temperature, 
until the experiment was commenced. 

All the ray fungi are isolated on the plates incubated anaerobically, 
none are able to grow aerobically on the surface of nutrient agar, they 
are Gram-positive, and all of them grow in mycelium. This last fact 
has been demonstrated by direct agar microscopy {0rskov, 1923) after 
inoculation and anaerobic cultivation on the surface of ascitic agar. 

tables 1 .and 2, the strains have been clas- 
sified into 4 groups. The first group comprises (strains 1 — 20) ray 
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Clinical notes of tlic lesions from which the strains of Actinomyces have been cultivated. 
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fungi, which arc identical with the microbe of the cl-issic-i 
actinomycosis, initially cultivated and described by j. rad .n 

118081 ° investigators, among others; C.rilh 

■ Bonfighoh (1937), Lentze (1938), Dagnij Erihson (1910) and Unu- 
c, al. (J944). In English sponking connlries .nicr,,!.; 1,1',;" 
to that species are most frequently called Aclinomvces hovis some- 
times also Actinomyces Israeli, by which last name it will be referred 
to in the following, as I agree with those authors who consider Ibis 
name to be the correct one. 

The strains of that group yield characteristic colonics on blood agar 
under anaerobic conditions. They arc raised, have a rough or nodular 
surface, and show a rosette form or an irregular outline. They are 
white. After 5 days of cultivation they usually attain a diameter of 
less than 1 millimetre. By cultivation in deej) glucose agar shake 
culture, a characteristic band like growth occurs b— 10 milliinclrcs 
below the surface of the medium: in glucose broth there is growth 
of a cauliflowerlike culture at the bottom of the tube, otherwise the 
medium remains entirely clear. On biochemical investigation the Ac- 
tinoinycctes of that group arc found to ferment the following carbo- 
hydrates, with the formation of acid and no gas: arabinosc, xylose, 
rhamnosc, mannose, lactose, raffinose, starch, amygdalin and inosite; 
as a rule sorbite is also, but slowly fermented, glycerine generally not 
in the course of 30 days (technique: Holm, 1930). 

Group 2 includes some strains (21 — 27), all of which retinire 
anatirohic conditions as well as the presence of carbon dioxide to 
enable them to thrive on the surface of solid media. They have a 
great many characteristics in common with Actinomyces isr.'ieli, among 
other things, they develop colonies on blood-agar, comi)lclely re- 
sembling the above-mentioned; however, they differ from the microbes 
of group 1 in various ways: they’ give a viscous growth in broth and 
semifluid agar; they do not ferment arabinose, and arc, as mentioned 
before, carhondioxidophile. 

Apparently, Garrod has cultivated a similar strain from p:.tient 
with actinomycosis of the lung treated by Ilohcrts. Tuhhs cO lialrs 
(1945), who in their work report that the strain >was ... found to be 
atypical ... requiring CO, as well as anaerobiosis for gn.wtli: the 
colonies were viscous and web-like...^ Otherwise such Actmomyceles 
are not referred to. which in itself is strange, consuler.ng that they 
often occur in pus samples sent to the Serum Institute for 
for Actinomyces (about 10 % of the strains isolated by the rout me 
diagnostic xvork belong to that group). In case ^ ' . 

should have been cultivated previously, they ia\c * •' . u, ,,i 

sified together with Actinomyces Israeli, .‘‘J ,, , 

any specially thorough examination they (><f o'' ■' 

microbe as to justify regarding them as a dis me species. 
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mentioned that from the clinical notes entered in table 2 

that this type of Actinomyces ^vill generally cause diseases similar to 


the classical actinomycosis. 

2 strains (28 and 29) in group 3 differ widely from the Actino- 
mycetes of the 2 first groups; Uicy grow on blood-agarplates, cultivated 
anaerobically, with complete circular, slightly convex colonies with a 
smooth, glistening surface; the colonies are clear or faintly milky, and 
conscquentlv, show with a light reddish or grayish colour; they do not 
adhere to the medium. When examining the strains of that group by 
direct agar-microscopy (f. inst, by cultivation on ascitic agar) it is 
found that small typical mycclia are formed at the beginning of the 
growth; at an early stage, this manner of growth changes into angular 
growth (Orskov, 1923), and greater colonies entirely resemble those 
of bacilli. Broth is clouded by strains 28—29, and among the carbon- 
hvdrates mentioned before only arabinose and xylose and sometimes 
starch arc fermented, hut they yield poor growth in fermentation media 


produced with the peptone it has been possible to obtain during and 
after the war, and accordingly, it is difficult to examine them bio- 
chemically. 

Actinoinycetcs of that species are but little known. It must, how- 
ever, he presumed that Colcbrook (this author’s group B) has seen 
such microbes in 1920, Previously, I myself have observed 3 similar 
strains (strain 1, 2 and 5 Holm, 1930), and Lentze (>S-form«- 1938) 
has no doubt also seen ray fungi of that group. It is possible that in 
1944 Rosehuri] too has cultivated a microorganism of that kind. 

In the 4lh group 2 strains (30 and 31) are mentioned which arc 
signified as s>associates«. Later on I shall revert to the meaning of this. 
The 2 Actinoinycetcs included in this group arc not at all alike, nor 
do they resemble those described in groujis 1, 2 and 3. 


Experimental Methods. 

Method: The penicillin sensitivity dctermin.ations have been performed in 
fluid medium in test-tubes. 

Medium: U-om earlier investigations I knew that human pathogenic Actino- 
mycctos thrived poorly in nutrient broth, even under anaerobiosis, if simily 
placed germs were sown. If on the other hand, the broth contained some 
iwtract of blood, produced after a principle, almost simultaneouslv proposed 
by Flemmn (1919) and Martha WoUstcin (1919). there was good irrowth. An 
extract was prepared by mixing equal parts of horse blood amr broth and 
then heating for some minutes at 100" C; in this way, the mixture coagulated 
ck.ar''fln?d wn'J'n produced, which was then centrifuged. The resulting 

ihrouJi Seitz filte^r- "'If (sterilized by filtration 

Inotlf Tht if ^ ^ f P>-opoi-tion of 1 part of extract to 9 parts of 
moth. This ga\e a medium nith a final pH of 7.0— 7.2. 

The pentaUin broth dUutions: on the da vs of experiment a series of 

drierpenSin^m the°^ standardized 
^ ^ ^ above-mentioned broth. The penicillin concentrations 


kindly supplied by Professor K, A. Jensen. 
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" geometric progression, the quotient h-i, 

I 2. rite highest penicillin concentration used has been one Oxfonl unit ^cr 

millilitre, thereupon the concentrations— — -4= — J- 1 . 

r 2 2 2l 2' -t’ -ihV 7 . '>:"o 

licen employed. Of the penicillin broth dilutions jiroduced inillilitr^ « 
measured per test-tube. In each scries of test-tube! xvith U.e ^a o eTt 

SS'taunZ" 

for »' l,,,vr 

The whole colonies were taken from blood-agarplatcs which after Die 
inoculation had been incubated under anaerobic conditions, i. e. in hvdrocen 
and carbon dioxide. Where nothing else is indicated, they are o diiys old, 
but in some of the experiments colonies have also been used, which were 
4 or 3 days old only. The colonies were cut out of the surface of the near 
by means of a Hattcncd platinum wire, and then iri.serlcd into tlie tiihe- 
with the penicillin dilutions. One colony was sown in each tube. 

The suspensions have been prepared from 5 day old colonies, taken Imin 
the same blood-agarplates as were tbe whole colonies. For each su.spension 
2—3 colonics were employed; they ivcrc placed on a sterile slide with a few 


drops of brotli, and then crushed as carefully ns possible by another sterile 
slide. The trifling quantity of suspension produced in this way was throupli 
ii Pasteur pipette transferred into a broth-tube, where it was diluted ivith 2 
millilitres of broth. With this thin suspension (of a number of singly placed 
germs and a few quite small lumps of culture, for the sake of convenience 
referred to as singly placed germs in the following) the lest-tuhe.s were 
inoculated, one drop in each tube. The same quantity of suspension was aba 
sown on a blood-agar-plate, which was incubated anaerobically for b day.s. 
This plate showed how many living germs of Actinomyces had been sown 
in each tube. Generally, the number has been several buntlred, at intervals, 
however, only a few hundred. 


Incubation: all the tubes inoculated with Actinomycetes were placed under 
anaerobic conditions, usually in jars filled with liydrngen; some strains, 
including f. inst. the strains of group 2, table 1, grew poorly or not at all, it 
carbon dioxide did not exist in the culture environment, and consequeiilly. 
they were cultivated in jars, containing hydrogen with 2% of carbon dioxide. 
Simultaneously, on a small scries of strains penicillin .‘•ensilivily tests uitc 
ciirricd out by cultivation in hydrogen alone, and by cultivation in hxdrogen 
with carbon-dioxide. The results of the 2 estimations turned out to be dif. 
ferent, the penicillin regularly showed le.ss inhibiting influence on the it les 
cultivated in jars with carbon dioxide. At all events. I am of the oimiion tha 
the penicillin is most rapidly destroyed, when this gas is piescn . scan, 
the media turn acid. The penicillin sensitivity fl'’'''nnutatiotis lawforined in 
hvdrogcn alone therefore offer (he most ..corrects resit is. • 
employed for the experiments is delivered from ^a 
compressed gas (commercial), it contains abou ,2 /c o . . g 
are placed in the incubator at about 37 . 

The penicillin sensitivity of common bacteria is 
cultivation for 24 hours. However, this is not 7’ 

pathogenic Actinomycetes, as the.«c microbes ( o n ' ‘ '(iiirintr a lone r 

n such a short time. It was therefore 
period, but was at first undecided as " 

results. It was arranged to .several rendine^ were 

cultivation on the lOtb, -0th, and 30t , . j , , j ^ 

obtained, and the one might be used which was n garth. l h. mg 
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S rongesl it was usually capable of preventing the growth entirely It 
seemed to me that the best ivay of expressing the penicillin sensitfvity 
as by stating in which tubes, the penicillin was quite capable of 
preventing groivtli, and in which growth occurred in spite of the pre 
sence of penicillin. Consequently, I have in the tables, entered a + for 
the tubes exhibiting growth at all; if, corresponding to a tube, no sign 
has been made, it means that no growth has been shown on the 10th, 
20th, and 30th day' in the tube concerned. Besides, I can point out 
that I have never observed growth in any lube on the 30th day, where 
this did not also exist clearly on the 20th day. 

Certainly, the method described above for penicillin sensitivity de- 
terminations deviates considerably from the usual ones. In comparison, 
it was accordingly desirable to carry out a penicillin sensitivity test in 
quite a similar manner, and in the same media, on some well-known 
microhe. I decided to examine 20 strains of Staphylococci (Oxford H 
Staphylococcus, and 19 other Staphylococci, all cultivated from pa- 
tients with furunculosis). 

The tubes in these scries have been inoculated with suspensions 
only. Some thousand germs have been sown per tube, they have been 
cultivated aerobically. The staphylococcal test-tubes have been read 
after 1, 2, 5, 10, and 15 days. The reading was always equivalent for 
the same strain on the 5th, lOlh, and 15th day. 


Preliminary Experiments. 

Before the actual penicillin sensitivity tests ^vere performed, some 
experiments were made on the technique using some strains of Actino- 
myces chosen at random. Only one of these experiments wall be men- 
tioned. It comprised 5 strains of Actinomyces israeh each ofjh ch 
was sown in 4 rows of penicilHn-broth-dilutions wnth a control-tube 
for each The first series of tubes was inoculated with suspension, ti 
last 3 series with whole colonics 3, 4 and 5 days old, 

cultivation took place in hydrogen-atmosphere, and wi h rea ngs t 

10, 20, and 30 days. The 

obvious from If the inoculations are carried out 

tubes being j “^IHmetre of diameter (i. e. 5-day old 

with colonies about 1/3 m 11 4 

colonies), the resistance of the inoculated with a thin sus- 

about 22 times as great as when being inoculated 

pension. 
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Slnphylococ- 
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Experimental Results. 

Having seen the results of the experiment just mentioneH T An . 
lo examine my eolleclion of indiapulably Imman-palhogcnic slraim „t 
Actinomyces. It was not possible, however, to examine all of them 
at once, consequently, I was compelled to divide the investigation into 
sc\eial experiments. Some strains of Actinomyces and some of Stanhv- 
ococcus were now examined on each day of experiment Each strain 
of Actinomyces was examined in 2 series of tubes with penicillin- 
dilutions. One series was inoculated with whole colonies and the other 
with suspension. In table 6 is recorded how the incubation of the 
inoculated test-tubes has been carried out, seeing that in a special 
column it is indicated, whether this has taken place in hydrogen or 
m hydrogen with carhon dioxide (2 %). The strains of Staphylococcus 
were inoculated only in one scries of tubes per strain, and incubated 
aerobically as mentioned before. 

To find out whether the conditions of experiment have been uni- 
form on the different days, I inoculated, each time an experiment was 
made, a sjiecific strains of Staphylococcus (Oxford-H, 2, 3, 4, and 5) 
in scries of lubes with penicillin-dilutions. Table 4 shows the results 
of the sensitivity determinations of those 5 Staphylococci on the dif- 
ferent days of experiment. The results are as much alike as can be 
expected. 

I am of the opinion that from table 4 it may be concluded that it 
is permitted to compare the penicillin sensitivity determinations of 
the different days, and I have, accordingly, placed the results of the 
investigations on the 20 Staphj’lococci in one table (no. 5), and those 
of the Actinoniycctes in another table (no. 6). In the latter, 2 estima- 
tions arc given for each strain of Actinomyces, the results of inocula- 
tions with suspension, and those of whole colonies, respectively. 

From table G (left half) it will be seen that all strains of Actino- 
myces examined arc sensitive lo penicillin, if suspensions i. e. sin^y 
placed germs (or very small lumps of culture only) were used for the 
rcsislancc-tcst for the inoculation of the tubes. None oi the 31 strains 

jdeldcd growth in broth containing ^j7= i- e. about Oxford 
of penicillin per millilitre, and only 6 of them grew in a medium where 

at the beginning of the experiment there was Oxford units per 

'''"By comparing the results of this half of table ^ ^hos^^^^ 

in table 5 concerning the to penicil- 

Actinomyceles and Staphylococci are ^^^^^^^.^^timations. 

lin, thin suspensions being used for the obvious that 

If Ihc left and righl half of table 6 are 'I ■*, 

whole colonies of Actinomyces appear to he more 
placed germs. Some of the whole colon, es examined f. msl. those 
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strain 14 thus thrived in broth which contained one unit of penicillin 
per millilitre at the beginning of the experiment, whereas singly placed 

germs of the same strain were killed in all concentrations below — 

units. A few strains exhibit a vastly greater difference in resistance 
between whole colonies and singly placed germs, most of the ray fungi 
examined, however, show less difference. 

Looking at the right half of table 6 alone, it will at once be noticed 
that the much resistant whole colonies are exclusively to be found 
amongst the strains of group 1 (1 — 20; the strains of Actinomj'ces 
israeli) and in group 4 (30 — 31), whereas the w’hole colonies of Actino- 
myces comprised in group 2 (21 — 27) and group 3 (28 — 29) must be 
characterized as being fairly sensitive to penicillin. 


Table 5. 


Staphjdococ- 
cal strains 


Penicillin concentration in the broth-tubes (at the 
beginning of the experiment) stated in Oxford units 
per millilitre 
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Tabic 6 (left half). 
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placed germs. This cautious phrasinc has lippn P>ir.c. 

Actually, the experiments referred to in these tables allL^noTfinUe 
conclusion as to the relation between the penicillin-resistance of 
colonics and that of germs, as the tubes of the 2 series have not 
inoculated with the same quantity of culture; the tubes inoculated 
with whole colonics contained 40-50 times as much culture of ActiL 
myccs as those having been sown with suspension. 

As the question, however, of the resistance of whole colonies is of 
great interest, one more experiment was made with some strains of 
.Actinomyces israeli. Each strain was sown in 3 rows of penicillin 
broth-dilutions. Tlie first and third rows were inoculated just as pre- 
viously with thin suspensions and with whole colonies (of about 1/3 
millimetre of diameter), respectively. The second row was inoculated 
with a suspension containing the germs of a whole colony of Actino. 
myccs ])er drop { = the inoculum used for each tube) . The tubes were 
incubated and read as in earlier experiments. The results are recorded 
in table 7. 

Comparing here the results of the penicillin sensitivity determina- 
tions in the 2nd and 3rd scries of tubes for each strain, it is seen that 
whole colonics of Actinomyces are actually more resistant than singly 
placed germs, and as regards some strains (10, 14, and 17) much more 
resistant. 

Furthermore, it is obvious from the experiment that penicillin 
sensitivity test performed on singly placed germs yields nearly the 
same results, whether the individual tubes are inoculated with little or 


much culture. 

On comparing the results of the tables 6 and 7 it will moreover he 
seen that, strictly speaking, penicillin sensitivity tests carried out on 
the same strain on 2 different days of experiment give the same results. 
This fact seems to hold good both when suspension was used for the 
investigation, and when the tubes were inoculated with whole colonies. 


Some Comments on the Penicillin Treatment in Actinomycosis. 

From the experiments mentioned before it appeared that all 31 
anaerobic indisputably human-pathogenic strains of Actinomyces ex- 
amined are sensitive to penicillin, and to the same degree as are 
Staphylococci. Consequently, there is good reason to expect penicillin 
to have a favourable — perhaps curative -- effect on actinomycosis, 
and it is my opinion that every case of this disease, threatening i 
patient’s life, ought to be treated with this substance, if the cause ot 
the actinomycosis is some anaerobic Actinomyces. 

Penicillin can, as in the case of any other surgical suffering b 
employed locally or generally, and probably in actinomycosis it ougl 
to be administered in both ways (in many cases 
adequate surgical treatment). I shall not go further into the method 
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by which the local trcalmenl is to be performerl tp- f . • 
"Klividunl case dependenl on Ihc anatomic rclaliins oMi/e 
but being of the opinion that some of the experiments T’ 
give cause for it. I .-ant to advance some remarks on the doTa^ of 
the general treatment. The initial point for these considerations is the 
. pcrience of the clinicians that, doses having been sufficient for treat 
ment of patients with staphylococcal bacteriemia. often failed in 
patients with actinomycosis. In itself this is strange, when it is re- 
membered that the 2 microhcs were equally sensitive to penicillin- 
mil. on the other hand, it has been noticed so frequently that there 
can be no doubt of it. It is not easy to give any reason for this failure, 
probably, there are several reasons, and they are most likely different 
from one patient to another; however, it will be mentioned, as is well 
known, that it is difficult for chcmothcrapeutics and antibiotics to 
penetrate into the abscesses themselves in surgical infections, especial- 
ly large abscesses (see Melcixcij, 1944. a). At all events. I should think 
that it is also important, that the ray fungi found in the pus of the 
patients occur in the shape of small colonies (the typical »sulphur 
granulcs«). We do know from the experiments referred to in the tables 
a. 6 and 7 that by experiments in vitro the whole colonies of some 
strains of Aclinomj'ccs arc essentially more resistant than singly placed 
germs (and than Staphylococci), it should accordingly not be quite 
unjustified to believe that something similar holds good for the gra- 
nules contained in the pus of the suppurative lesions of the patients. 

Consequently. I am of the opinion that it must be justifiable to 
pul forward the working hypothesis, that actually the resistance of 
the Actinomycetes in the body arc to be given by the resistance of 
the granules. The experiments made in vitro report nothing of the 
strength of the resistance in vivo, possibly not even an exact figure for 
the true in vitro resistance of the whole colonics, seeing that they 
liavc been performed in medium in which the penicillin concentration 
declines rather quickly on account of the natural disintegration of the 
penicillin, but I should think that it more or less approaches the re- 
sistance found for whole colonics without being quite as great, how- 

ever* » . 

Supposing it is true that the resistance in vivo of the ray fungi is 
given by the resistance of the granules, and that the latter approaches 
the resistance for whole colonies found in this work, then it must lie 
cxpcclod - (refer to Iho riglil half of fable 6) - that cases of .lines 
developed by difforenl types of Aclinomycotes are to be treated 

different doses of penicillin. mti^nts 

In this case there tvill be good reason to , ?f‘„, 

having been infected by microbes of the ke' 

in the groups 2 and 3, are influenced favourably, and will most like 5 

recover, by the use of not very large doses of penicillin. 

On the other hand, it cannot be expected to cure patients having 
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been inrccled by Actinomyces Israeli, i. c. cases of classical adi o- 
mvoosis, unless verv laifte doses are adminislercd, as whole colonies 
of' those microbes exhibit an even fairly dislincl resistance as far as 

the main part of them arc concerned. 

The bvpotbesis framed can be proved only by clinical observations. 
Already, a few such observations have been published which seem to 
support the hypothesis and seeing that the (piestion is of such great 
interest they will be referred to. 

First there arc reports that 2 patients with actinomycosis of the 
lung, cailscd by group 2 Actinomyectes. recovered by the use of not 
especially large doses of penicillin. Patient 1 has been tre.atcd by 
nobcrls,'rttl)i’S lO nates (ini.'il. Tins was a 22-year-oId man who was 
at first treated for la days with 12(1.000 units per diem, and reacted 
dramatically to this dosage, as he was transronned from a ilying 
man to one who was ajiparenlly in good health. However. 3 wci'hs 
later he had a relapse. Then he was treated for 23 ilays with 200.00(1 
units per diem, and recovered. The .Actinom.vccs from that patient 
has been cultivated and examined by fiarnxt. 

Patient 2, infected by a group 2 strain, has been ln*atcd by /.nr/i- 
itinnu (lO-lO). This was a 0-year-old girl who was Ireatiai with 100.000 
units intraimiscnlarly, and locally (in a thoracic abscess) 10.000 units 
daily for a fortnight. The intramuscular treatment was continued 
with reduced dosage for -1 weeks, 1 million units were administered 
in all. The patient made such a rapid and complete recovery that 
iMchnianii was of the opinion that considerably smaller «iuantilies 
of iicnicillin might have attained the object. (.A dosage of 100.000 
units for a O-year-oId girl corresiionds nearly to one of 100.000 units 
for a grown-up, if the weight is considered in the c.ilciilation). 1 
myself have examined the strain of .Actinomyces from Lnrlimann’s 
patient. 

Sccondl.v, reports have been published on rases of actinomycosis 
which have not recovered in spite of a fairly intensive itenicillin 
treatment. Such cases are for examiile, mentioned in I'lnninij's hook: 
>Penicillin«. in which Vaiif/tian llinison (10 10) reports some cases 
which have not recovered despite the use of aOO.OOO units of penicillin 
per diem for 21 da.vs: even if there is no inire-ciiltivation and specie 
determination of the Actinomyectes from //m/.von’s p:itients his ob- 
servations appear to confirm (he existence of cases of actinomycosis 
which cannot he cured by even a rather strong peniciHin-treatment, 
and I would suppose that one is also entitled to count on //m/.so/i’s 
observations as being in favour of Ihe hypolhesis that the resistance 
of the Actinoinycetes in the body will he indicated by the resistance 
of the granules. Hcsidcs, experiences of exactly this kind were the 
cause of the hypothesis being imt forward. 

Fniin the few experiences existing it is not easy to indicate which 
penicillin doses ought to he given to the patients with actinomvc 
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400 


caused by Ihc different types, but I should think that cases nf rV 
produced by Aclinomycclcs of group 2 may in man, ca e/L cuS 
5- the ad,„m.slralio„ of 2-300.000 Oxford units of penidlL uj 
d.oin for a comparalivcly short lime (8-4 tveaks); most I ikalv a 
similar dosage ivill frequently prove effeetlve, when it apS',!; 
patients having been infected by ray fungi of group 3. On the other 
land, patients being infected by Actinomyces israeli should to all 
appearance usually be treated by considerably larger doses. There is 
hardly anj' reason to expect any effect on those patients, unless 6— 
800.000 units arc given per diem during a rather long period (5-6 
weeks), and after all it is possible that in a number of cases consider- 
ably larger doses are needed for an even longer time to attain the 
objective: the patient’s recovery. 

If a bacteriological examination of the pus from patients are per- 
formed together .with purc-cultivation and specie determination of 
the strains of Actinomyces before the penicillin treatment is instituted, 
it is possible to proceed according to the above, when fixing the doses. 
No classification being employed before the treatment is started, peni- 
cillin doses must be given that will suffice to influence Actinomyces 
israeli, which, in Denmark at least, appears to be the most frequent 
cause of actinomycotic infections. 


Can all patients with actinomycosis then be expected to recover, 
also those suffering from actinomycosis of the lung, abdominal actino- 
mycosis, and from actinomycotic pyemia, if only sufficiently large 
doses of penicillin are given and during a sufficiently long period? It 
is difficult to answer this question; but I am obliged to think that in 
quite a number of cases it must be possible to obtain a favourable 
effect of the penicillin treatment, even on those, nearly always, fatal 


illnesses. 

However, actinomycosis is a strange disease, and many surprises 
may occur. If pus from a great many actinomycosis-patients is ex- 
amined it is found that in addition to the Actinomycetes other microbes 
are always present. Those bacteria by German investigators called 
»Bcgleitbakterien«, will, in the following, be referred to as »associates«. 
Klinger (1912) was the first one who has drawn attention to the 
frequent presence of such bacteria. Later on they have been found by 
several investigators, among others by Colebrook (1920), Bayne-Jones 
(1925), Negroni (1934), Negroni & Bonfiglioli (1937), Goldswor y 
(1938), and Clemens (1940). Bates (1935) maintains that »associates« 
are always to be found on examination of pus from patients mtn 
actinomycosis. He has examined 29 samples, and is of the opinion 
that the »associates« are of importance for the outset of the disease 
Likewise, Lentze (1939) has continuously been able to point out 
mixed infection in actinomycosis. He has examined f ^ 

65 patients and states that there are always one or several kinds 
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anaerobic bacteria; I myself can report that I do not remember among 
samples from 6—700 actinomycosis-patients ever having seen a single 
one where anaerobic Actinomycetes were found alone. 

What influence may these »associates« have on the results of peni- 
cillin treatment of patients with actinomycosis? 

In the most favourable cases the »associates« are sensitive to 
penicillin, and are then killed by this substance together with the 
Actinomycetes; if this happens the patient will recover, and in this 
case it must be said that the presence of the associating bacteria has 
had no influence on the results of the treatment. 

In most cases, however, the »associates« are Gram-negative small 
anaerobic bacilli or coccobacilli. In advance, it will be expected that 
these microbes are resistant to penicillin, since this antibiotic acts 
especially on Gram-positive microbes. If an actinomycosis patient is 
treated where the Actinomycetes arc found together with such peni- 
cillin resistant »associates«, the most favourable result to be expected 
is to succeed in killing off all Actinomycetes existing in the diseased 
organism, whereas the »associates« remain. In this way, however, 
a great deal has been gained for the patient, as, if concerned w’ith an 
actinomycosis of the lung, the disease has been transformed from a 
fatal lesion to one which may be accessible to ordinary therapy 
(medical or surgical). 

In most unfavourable cases the »associatcs« can produce penicil- 
linase; it goes without saying that in those cases no greater effect 
of the penicillin on the Actinomycetes may be expected, unless the 
»associates« can be destroyed by other therapy' (chemolherapy, other 
antibiotics). 


It is seen in the section on the strain examination, that I have 
only investigated into the penicillin sensitivitj' of anaerobic Actino- 
mycetes. The considerations just mentioned on the treatment of ac- 
tinomycosis are therefore valid only for diseases produced by those 
anaerobic microbes. 


Certain species of aerobic acid-fast Actinomycetes (Actinomyces 
or Nocardia asteroides and gypsoides) however, arc also capable of 
producing disease in man (nearly always more or less chronic pneu- 
monias). I have had no opportunity of examining the penicillin sen- 
sitivity of microbes belonging to those species, and consequently, I 
cannot have any well-founded opinion, as to whether diseases of this 
kind ought to be treated by penicillin. According to the literature avail- 
able (see: Drake, 1946) there is, however, good reason to believe that 
the aerobic acid-fast Actinomycetes (Nocardia asteroides and gyps- 
oides) are penicillin resistant to a high degree. Regarding this fact 
these illnesses cannot be expected to be influenced favourably by peni- 
cillin. It IS possible on the other hand, that in some of these cases 
sulphonamide treatment may be advantageous {Benbow et al., 1944). 
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Summary. 

liuman-pathogenic anaerobic Actinomycetes 
i.nc been isolated from 2/ patients, classified in species, and examined 
for penicillin sensitivity. examined 

If suspensions of the ray fungi were used for tbe sensitivity tests 
the Actinomycetes were found to have the same degree of sensitivilv 
as Staphylococci. If whole colonics of Actinomyces were used the 
stiains were seen to fall into 2 groups. In one group the colonies were 
much more resistant than Staphylococci, in the other, they were but 
little more resistant than these microbes. 

The hypothesis is put forward that the resistance of the Actino- 
myceles in the body will be indicated by the resistance of the typical 
»sulphur granulcs« existing in the pus, and it is supposed that this 
resistance more or less approaches that found for whole colonies in 
the laboratory. 

By means of this hypothesis, it is explained that on the administra- 
tion of a comparatively short treatment with rather small doses of 
penicillin some patients with actinomycosis have an easy recovery, 
whereas in other cases the use of very large doses during a longer 
period must undoubtedly be demanded. 

Patients with actinomycosis in the organs ought to be treated 
with penicillin if the cause of the disease is an anaerobic Actinomyces. 

A temporary dosage diagram is made, in which is indicated which 
penicillin doses should be given to patients with actinomycosis pro- 
duced by the different species. 

It is mentioned that anaerobic Actinomycetes in the disease 
products are always found together with other microbes, which may 
be called »associates«. The importance of those bacteria on the results 
of the penicillin treatment is discussed. 


iMy tlianks are due to Professor K. A. Jensen, The Institute of General 
Pathology, the University of Copenhagen, not only for having encouraged 
me to perform the penicillin sensitivity determinations made in the abo\e 
work, hut also for having placed dried, standardized penicillin at my 
disposal. I am indebted to H. G. Thornton, Head of the Soil Microbiology De- 
partment, Rothamsted Experimental Station, Harpenden, for having kind y 
supplied me with the Oxford H Staphylococcus. I also wish to express my 
gratitude to the physicians and hospitals which have furnished me vi 

reports on their patients. , , ^ i i 

Finally I wish to express my appreciation of the valuable techmea 

sistance given by Miss Olga Benedicte Briihn. 
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EXPERIMENTAL INVESTIGATIONS INTO THE 
RELATION BETWEEN SYPHILIS AND CARCINOMA 

By Jorgcn Bojcl, Copenhagen. 

(Received for publicaiion October 29tb 1957.) 

In 1933 Castiglioni reported investigations showing that skin car- 
cinoma may he induced more rapidly in experimental animals infected 
with syphilis than in non-syphilitic animals. Following percutaneous 
application of tar to the inside of the car of 17 rabhits previously in- 
fected with syphilis intravenously and 17 non-infccted rabbits he found 
that the precancerous and malignant changes developed earlier in the 
syphilitic than in the non-syphilitic rabhits. 

Truffi & Ceriitii infected 30 white mice, aged 3—4 months, by 
implanting small pieces of chancre (tj'pc Truffi) below the skin. 
Three months later they began painting syphilitic mice and controls 
with tar every third day. Like Casiifflioni they found that the malig- 
nant growths appeared earlier in the syphilitic than in the control 
mice. 

In 1942 Bessemanns & Maisin repeated Castiglioni’s experiment, 
using, however, mice instead of rabhits and carcinogenic hydrocarbons 
instead of tar. Bessemanns’ material consisted of 30, 20, and 126 ex- 
perimental and 50, 30, and 110 control mice. A fresh piece of testicular 
tissue derived from rabbits and containing an ample amount of motile 
spirochetes (type Gent) was implanted into the experimental mice 
subcutaneously in the region of the genitals. Four months later the 
mice in the first and second series were painted on the back with 
a solution of benzpyrene, 1/2 per cent., 25 times in all, and the mice in 
the third series with a solution of methylcholanthrene, per cent., 
20 times in all. Each painting was made with 2 drops of the solutions, 
containing 6.25 and 2.5 mg., respectively of the carcinogenic hj'dro- 
carbons. In neither case did they find any difference in the rate and 
frequency of the development of skin carcinoma in the ss'philitic mice 
and the controls. Bessemanns expresses the desire that the i)roblem 
he elucidated by further investigations, as mice are not particularly 
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well-suilcd for these experiments, owing to the fact that in m' 
lieponema pallidum reproduces as in a culture, and the mice exhih’! 
no detrimental effect of the infection. In rabbits, on the other hand 

se organisms cause pathological changes resembling the SYphilitir 
manifestations in man. ^ syphilitic 


Since no further investigations into the relation between svnhilk 
and carcinoma appear to have been made, the writer has attempted 
to reproduce the experiments. For the reasons stated by Bessemanns 
rabbits were chosen as experimental animals. 

The carcinogenic hydrocarbon chosen was 9,10-dimethyl-l,2- 
benzanthracene which according to Bcrenblum (Cancer Research 1945) 
must be considered the most effective one in the case of rabbits. Be- 
renblnm used a 1 per cent, solution in benzene. Twice weekly he 
painted 5 young albino rabbits on the inside of the right ear with 8 
drops of the solution using a Pasteur pipette. The first tumours ap- 
peared after bV^, 6, 7, and 9 weeks of painting respectively. In one 
rabbit the excrescences remained benign until the experiment was con- 


cluded (26lh week), xvhereas the others exhibited definite objective 


signs of malignancy after the lapse of 16, 16, 19, and 21 weeks. 


Histological examinations confirmed the malignancy. 


Writer’s Investigations. 

(1) Investigations into the carcinogenic effect of 9,10-dimethyl- 
1,2-benzanthracenc on the strain of rabbits kept at the In- 
stitute in order to find the optimum concentration. 

(2) Investigations into the difference, if any, in the rate of deve- 
lopment of tumours in syphilitic and non-syphilitic rabbits. 


1. This experiment was carried out with young white rabbits of 
a strain bred at the Institute, a total of 4 litters of 4 rabbits each 
(9 c5, 7 2). A rabbit of each litter was painted with 9,10-dimethyl- 
1,2-henzanthracene, 2 per cent., 1 per cent., Vs per cent., and Vio 
per cent, respectively in benzene, with the technique of Berenblum. 

The rabbits were kept under identical conditions, receiving the 
same diet and living in cages not directly exposed to sunlight due to 
the inactivation of 9,10-diniethyl-l,2-benzanthracene by light. 

The hyperaemic and oedematous changes described by Berenblum 
were observed after each painting, but did not persist during the inter 
vals. Following 2—3 paintings there was beginning desquamation and 


epithelial .thickening. x,. t t nf 

Table I sets out the number of days elapsing from the start 
the experiment until the appearance of the first tumour, reckoning 
only tumours at least the size of a pea, as the quite small swellings 
are not constant. It will be seen that the concentration 1 ^ 

induces tumours earlier than the 2 per cent, solution, i. e. in 31 
days compared with 35—73 days in the case of the 2 per cent, solution. 
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Tabic I. 

Number of Days before the First Appearance of a Tumor 
(at least of pea-size). 


1 “/o ^/s "/o Vio ®'o 

38 Gi 112 

35 35 98 

31 112 112 

.{8 98 112 


litter A Gi 

1) B 35 

» C 73 

« D i3 


per cent, induced tumours in 3 cases following painting for 35 
to 98 days, but in one case (litter C) no tumours developed. 

Following painting with the weakest concentration (Vio per cent.) 
no tumours were induced in 3 cases, but in one case (litter B) a swel- 
ling, as large as a pea, was observed after 98 days. 

It will be seen from Table I that the different litters show a dif- 
ferent induction time. Thus, litter B has an average latent period of 
35 days in the case of the first 3 concentrations, whereas litters A 
and D have a latent period of 55 and 63 days respectively. 

Table II presents all 4 litters 38, 64, 92, and 112 days after the 
experiment was started. There is a distinct difference between the 
growth of tumours obtained with the strong solutions (2 and 1 per 
cent.) compared with the weak solutions (Va and Vio per cent.). 



0 


— COLT BALL SIZE. 

- MANDARIN SIZE. 


r. I • , Table 2. 

Graplncal Survey of the Bcsults Obtained i 


m the Four Litters. 
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i. Seitr" 

:r.r„n,.:tr’^r e— ~e?;: 

Comparing Ihc size and extent of the swellings at the end of th^ 
«porn„cnl the rabbits painted rvitl. the strong solutions, one firt 
that in 3 cases (litters A, B and D) painting with 1 per cent, resulted 
in the largest growths, whereas in 1 case (litter C) the growths were 
alike in the two rabbits painted with 1 per cent, and 2 per cent 
respectively. 


In other words, the 1 per cent, solution does not only induce the 
first tumours earlier than 2 per cent., but when extended over a long 
period the former appears to induce larger tumours than the latter. 
There was no difference between the induction time of tumpurs in 
males and females. 


Histological examination revealed spino cellular carcinoma in 8 
cases (painted with 1 and 2 per cent.). Biological findings support the 
diagnosis, as 6 cases exhibited invasive growth through the aural 
cartilage. In the remaining 4 cases technical mishaps prevented mi- 
croscopical examination. Metastases were not found in any case. 

2. Tlie second part of the investigations was also carried out with 
young white rabbits of a strain bred at the Institute. The material 
comprises a total of 33 males and 30 females derived from 14 litters. 
The males were infected with Treponema pallidum, type Gent*) by 
means of intratcsticular injection of a suspension of Treponema pal- 
lidum, y 2 cc., containing 10 — 20 motile organisms in each field of 
the microscope. In all cases the infection took in the course of 4 — 6 
weeks. The testes swelled and became as hard as cartilage, and in 6 
cases ulcerating chancres were observed. In 7 syphilitic rabbits, se- 
lected at random, biopsy specimens revealed numerous spirochetes, 
and pieces of testicular tissue removed and implanted into other rab- 
bits transmitted the infection. 

As soon as the syiihilitic infection was manifest, in the course of 
8 — 10 weeks, the painting of the experimental and control rabbits was 
started with 9,1 0-dimethyl-l ,2-benzanthracene, 1 per cent, in benzene. 
The technique w’as the same as that used in the earlier experiments 
the inside of the right ear being painted twice weekly, each time with 


8 drops of the solution. 

Table III sets out the time at which the experimental and control 
rabbits acquired tumours showing evidence of malignancy upon micro- 
scopical examination. After 7 weeks of painting 21 males an 
females exhibited malignant tumours; after 9 weeks 24 males a 
females. After 16 weeks of painting all the survivors (3 rabbits died 


*) To Professor Bessemanns, Gent, my thanks are due for kindly sup 
plying the Treponema pallidum of type Gent. 
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Micr. exam, showing spinocelhilar carcinoma. 
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Ijeforc exhibilering tumours) showed malignant tumours excent fe. 
males Nos. 48 and 49. These figures show a not significant pre- 
dominance of the syphilitic rabbits with regard to the rate at which the 
cancerous tumours arise. Accordingly, the result of these investigations 
does not support the observations of Castiglioni and Truffi. 

Summary. 

Four litters of 4 rabbits each were painted with 9,10-dimethyl- 
1 ,2-benzanthracene, 2 per cent., 1 per cent.. Vs per cent., and Vio 
per cent, in benzene, with the technique of Berenblum. The 1 per cent, 
concentration did not merely induce the earliest tumours, but also 
those which grew largest during the experimental period. 

Thereupon the writer attempted to reproduce Castiglioni’s experi- 
ments in which the latter found that earcinomatous growths deve- 
loped earlier in syphilitic than in non-syphilitic animals. A total of 
33 male rabbits infected with syphilis and 30 female controls were 
painted for 16 weeks with 9,10-dimethyl-l,2-benzanthracene, 1 per 
cent, in benzene. After the lapse of 7 weeks 21 males and 15 females 
exhibited malignant tumours and after 9 weeks of painting 24 males 
and 19 females. Accordingly, no significant difference could be found 
between the induction time of tumours in syphilitic and non-syphilitic 
rabbits. 
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Fiff. i. 

Rabbit no. 3. Tumor on the inside of the right ear after 7 weeks of painting 
with 9 , 10 -dimethjd-l, 2-benzanthracene, 1 per cent. 



Tj. . Ffg. 2. 

Biopsy specimen from the tumor in no. 3 (after 7 weeks of painting with 
J,10-dimethyl-l,2-henzanthracene (1 per cent)) (X 25). 
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Fig. 3. 

Same as Fig. 2 (X 110). 



Fig. 4. 

Rabbit no. 3. Invasive growth through the aural cartilage to the outside oi 
the ear, (after 11 Aveeks of painting with 9, lO-dimethyl-l, 2-benzanthracene, 

1 per cent). 
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I. PATHOGENIC-APATHOGENIC TRANSFORMATION 
OF SALMONELLA TYPHIMURIUM 

By 0. Maaloe. 

(Received for publication November 1st, 1947). 


Part I. 

As an introduction to this paper it is necessary to analyse the 
general conception of »patliogenicity«, and in so doing to define the 
different factors wliich together determine whether a microorganism 
is pathogenic or not. — In this analj'sis we deal with the acute phase 
of bacterial infections in normal i. e. non-immunized organisms. This 
means that allergic and other immunological phenomena will be left 
out of consideration. 

The relation between a microorganism and a macroorganism can 
be characterized by the pathogenicity of the microorganism with re- 
spect to the macroorganism in question. This pathogenicity can be 
generally described as a combination of three factors, vvhicli logically 
may he treated as independent, though, as vve shall see later, they arc 
often more or less correlated. 

The three factors arc: 

A. The Infeciivitij of the bacterium; i. e. the faculty determining 
to what degree the bacteria are able to penetrate an epithelial wall of 
the macroorganism. After specifying the site of invasion, w'e may ex- 
press the infectivity by means of the percentage of bacteria which 
in a given time penetrate into the underlying tissue. 

B. The bacterium’s faculty for multiplication inside the invaded 
macroorganism, facing, its antibacterial forces. For this factor we use 
the term Invasiveness. After specifying the tissue in which growth 
takes place, xve can thus describe the invasiveness of a bacterium by 
the means of its groxvth-curve. 

C. The third and last factor entering the conception of pathogenicity 
is the Toxicity of the bacterium. — By toxicity we should understand 
in the most general way, the »dangerousness« of the bacterium i. e. 
the degree to which the metabolic processes of the bacterium, or its 
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possible toxic products, interfere with the normal functions of the 
infected organism. — Quantitatively, toxicity may he expressed hy 
the number of bacteria which must enter or he produced inside the 
organism in order to evoke certain pathological changes. 

The three factors A, B and C have, so far, been treated as in- 
dependent. This is of course a simplification, and, as mentioned above, 
they may well he correlated: It is, for instance, usually found that the 
toxic effect on the tissues of greater amounts of bacteria renders 
bacterial growth in the tissues easier f. c. increase invasiyeness. This 
means that in infection experiments we may find that the invasivencss 
of a bacterium seems to augment with the infecting dose. It is 
also possible that bacterial products when generated, c.g. in the 
intestinal canal, damage the epithelium of the wall and thereby facili- 
tate infection. In a case like this we have correlation between toxicity 
and infectivity. 

In the following these general observations will be applied to a 
special case: the Salmonella typhimurium infection in mice. 

All the experiments to be described were performed with S.typhi- 
murium cultures derived from one, strongly pathogenic strain isolated 
from a case of paratyphoid fever. From this strain a practically apa- 
thogenic variant was isolated by Jensen (1) after some 200 passages 
at gradually increasing temperature, and the courses of infections with 
this variant and with the original strain were examined. Examinations 
of all cultures showed that the infectivity of the bacteria did not change 
much when the bacteria lost their pathogenicity; this could be seen 
from the density of growth from different organs of newly infected 
mice. Following the course of infection it was found that not until 
bacterial foci in the tissues had been established could any difference 
between the strains be detected; the highly pathogenic strain was able 
to spread in the organism and create still deeper foci, while the apatho- 
genic variant failed to do so. The reason for this difference between 
the courses taken by the already eslablished infections must be that 
while the pathogenic strain is able to multiply and spread in spite of 
the antibacterial forces of the organism, the apalhogcnic variant suc- 
cumbs to the forces acting in and around the primary foci. In other 
words, the pathogenic strain shows greater iiwasiveness than the 
variant. Reineinbering what has been said about a possible correlation 
between invasiveness and toxicity, we must examine the following 
two possibilities: a) The observed difference in invasivencss can be 
tbe result of a real difference in the resistance of bacteria from 
pathogenic and apathogenic cultures respectively to the antibacterial 
orces of tbe living organism; or b) the difference in invasiveness mav 
be the indirect effect of a difference in toxicity between the patho- 
genic strain and the apathogenic variant. — We shall now examine 
these two nnssihilUloc- ‘•■nine 
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a) The S lyphimurium strains and the variants are nil n, 
icsistant to heated serum even in hich concentmtin ’ 
o;h.r they nre more or less attlTb; tr‘r’‘;:S 
Moreover, the antibacterial effect of fresh serum can be totallv sT' 
different anticomplementary agents or procedures (2 3 )' 

nr^ typJiimurium employed are thus all un- 

affected hy thermostable bactericidal substances, such as Leucocidin 
l5-lysin, and the like, while they are susceptible to the action of comnle’ 
nient — As shown by the writer (2) there is every reason to regard 
complement as the active principle not only in the hemolytic and the 
bactericidal processes but also in the very important phagocytosis- 
promoting (opsonizing) action of fresh serum — an action which large- 
ly determines the degree of phagocytosis by leucocytes. — From this 
we may draw the conclusion that, in the case of S. typhimurium, a 
test for resistance of the bacteria to complement is essentially the 
same as a lest for resistance to the principal antibacterial forces of 
Ihe normal, non-immunized organism. A strain with great resistance 
must therefore be expected to be able to multiply in the organism i.e. 
must possess great invasiveness. 

With the pathogenic strains many in vitro tests for resistance to 
complement have been made, and it has always been found that the 
pathogenic strain is much more resistant than the apathogenic, 
whether measured in bactericidal or in phagocytosis experiments (2). 
The difference in resistance to complement found in in vitro experi- 
ments thus agrees fully xvith the difference in invasiveness found in 
infection experiments and may alone explain this. 

However, we must also consider the possibility (b) of a difference 
in toxicity beUveen the strains; 

b) If an animal is infected with a relatively small dose of the 
pathogenic strain and the course of the infection is followed, it is 
found that not until the bacteria have spread throughout the organism 
is there any sign of intoxication in the animal. The strain is thus not 
very toxic and depends for its pathogenic effect essentially' upon the 
multiplication of the bacteria in the organism, i. e. upon the invasive- 
ness. — If the infection is started by the injection of large amounts 
of bacteria intraperitoneally it is found that even the strain with low 
pathogenicity is able to spread and kill the aninaal (Table I). The toxic 
effect of the large amounts of culture injected is thus great enough to 
render multiplication of even the relatively apathogenic strain pos- 
sible; and when multiplication is brought about the course of the in- 
fection is much the same as in the case of the pathogenic strain. 

If the experiment is performed with varying large doses of A-mea 
culture + a constant, small dose of live, apathogenic culture, it is 
found that the toxic effect of the large doses of killed culture is 
ficient to make it possible for the few apathogenic bacteria to multiply, 
spread and finally kill the animals. It will be seen from Table I, that 
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l,c.,t-kUlcd and formol-killcd cuU>,r«. of l.ol/i Ihc i,,M,wc„ic omM/.o 

llgSi “n, difference l.elrveen II, e effecls of 11, e 2 pn.rs of „re„„n,l,ons 
of killed cultures. 

« 

Table L , 

Mem Death-Times h, Days (t) for Mice lufeclci IvlrnpcntonraDy inth 
plalmouella Typhtmunum. 


loR 

d 


live 

culliircs 


lical-lvilled 

cullurcs 


formol-killcd 

culUircs 


- 0.3 

< 1 

< 1 


10.3 

0.7 

4.0*) 

12.0 

- O.G 

< 1 

< 1 


or.*) 

> la 

0.0 

/ 

- 0.9 

< 1 

2.0 


12 

12.5*) 

8,3 

15 

— 1.2 

< 1 

(.3 


10 

CO 

> l-'l 

CO 

— 1.0 


> 

10 

CO 

17 > 

17 

- 3.3 

5.7 

CO 


constant amount 

of live h cult. 


- 1.0 

().0*») 

OC'*I 



added (log d 

= -;!.3) 


- 5.0 

5.1**) 







- (i.O 

14.0 







- 7.0 

12.0 







•) In 

each group 

1 iitouse 

died 

within 

■Sk hotirs: lh< 

‘se e.'irly deaths 

are 


not included. 

•*) or more mice in e/icli grotiii. 


Cnilure a: patliogcnic .‘itrnin (= .‘uilictjUure 1 in Talile UK 
Culture h: apatliopenic variant (= .‘Juliciillure 1 in ’I'alde It!. 

Log d indicatc.s tlio volume (in cc.) of 20 liour.,^ old culture contained in 
the 0.5 cc. injected into each atiimal. In the exjieriinent with killed culture.'^, 
a small, constant voluinc of live h-cullurc was .'uideil to each dilution of killed 
culture; — log d (live, h-cult.) = Where nothing else is stated three mice 

wei'o u.sed per dose. In cases where 1 or 2 mice survived the ohservation period 
of 20 days, t is given as > e. g. 1/,'J (7 -j- 12 + 20), wheiv the figure 20 stands 
for a surviving animal. 100% .survival is indicated by cc. 

In a control e.vporiment with tlie same doses of killed cultur<‘s alone, a few 
animals died without signs of infection. Of the If! mice receivitig the 2 lai’gest 
doses .3 died, whereas 22 out of 21 died in the experiment with .'uidition of live, 
apathogcnic culture. In this last experiment cultures frotn heart-hlood of 
dead animals showed generalized infections in all cases. 


Two more obscrvalioiis imtsl be mcnlioncd here: il bn.s proved itu- 
possible lo dcmonslralc any difference in anlif'cnic .slntclitre belwcen 
Ihe palbogcnic and the apalbogenic .strain. TJiis w;ts fir.sf showed by 
Kaiiffnmnn (4) and ha.s later been confirmed by the writer and il 
means that the heat stable 0-anligens. which consltlulc the main toxic 
substances of the bacteria, arc the same in the pathogenic and the 
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apathogenic strain. Finally, it should be mentioned 
filtrate of a bouillon culture of S tvnhimiirinm r. ^ cell-free 

n.on.ar>. orfcC, ana lhat Lrer^rr 

Of filtrates Of pathogenic and of apathogenic cultures; i.e. L exit 
cellular substances of the cultures do not differ in their actions tn 
wards complement. * ‘o- 

Summarising the statements given under a) and b) we arrive at 
he following reasoning: No major difference between the toxicity of 
the pathogenic and the apathogenic strain can be demonstrated, and 
the great difference between their resistance to complement may, there- 
fore, he taken as the main cause of the difference in invasiveness. We 
are thus dealing with a special case where a difference in pathogenicity 
can he analj’zed and ascribed to a difference in invasiveness. In this 
case, with invasiveness as the main variable, and with bacteria which 
are unaffected by the thermostable substances of serum, it is reason- 


able that we should find a positive correlation between pathogenicitij 
and resistance to complement. Details will now be given of an ex- 
periment designed to confirm the earlier observations of the existance 
of such a correlation. 


Experimental: 

When the resistance to complement of a bacterial strain is ex- 
amined the result is most conveniently given as a survival percentage, 
computed from an initial value, giving the number pr. unit vol. of 
live bacteria at the beginning of the experiment; and from a value 
giving the number pr. unit vol. of bacteria surviving treatment with 
complement. It is clear that percentages thus arrived at indicate the 
relative resistances of the entier bacterial populations. This is a very 
important thing to notice, because even a very low mean resistance 
will be found in an inhomogeneous culture containing e.g. 10% 
pathogenic and resistant bacteria + 90 % apathogenic bacteria with 
low resistance. If this mixed culture is tested for invasiveness it may 
as can be seen from Table I, 1st column, shoxv the same high invasive- 
ness as a culture containing 100 % pathogenic bacteria, since doses 


of e. g. 10-^ and 10-’ cc. give the same death rate and time. 

The following experiment was made with a culture xvhich had 
shown the unexpected combination of relatively low resistance and 
full pathogenicity. In order to test the homogeneity of the culture, 
subcultures were made in this way: the culture was diluted to suen 
an extent that, of 30 tubes inoculated with 0.1 ml. each only 7 showed 
growth. From the binominal distribution it can be calculated th. , 
probably, not more than one of the subcultures has started from mo 
than a single bacterium. - 6 of the 7 subcultures were osod- deno- 
minations of their resistance to complement m vitro an 
experiments being started simultaneously. The results are gne 

Table II. 
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The technique employed for the resistance clelenninalions lias been 
described in detail by the writer (2). Here it may be recalled that the 
experiments are carried out with cultures diluted to such an extent 
that the possible anticoniplementary effect of dissolved bacterial ])ro- 
ducts is negligible; and that in all experiments fresh, human scrum is 
used which has been tested in a special way to make suie that it con- 
tains no immune bodies. — It may be argued that it would be more 
rational to use mouse serum when we want to compare pathogenicity 
to mice with resistance to complement. Mouse complement is, however, 
not stable. Mouse serum shows no complement activity because it lacks 
C, (the heal labile end-piece of complement), which, presumably is un- 
stable in mouse blood. If C„, prepared from scrum of another species, is 
added to mouse serum full complementary activity is restored (fi). — 
A statistical evaluation of the significance of a difference between two 
survival percentages presents special problems, as tbc four figures 
from which the percentages are computed arc independent, stochastical 
variables. TTliese problems are discussed in another paper (6) and will 
not be dealt with here as the differences encountered in the present 
experiments are so great that no statistical evalution is needed. 

Besides the infection experiments and the determinations of re- 
sistance to complement a third series of experiments were made with 
the 6 subcultures in Table II. Using carefully washed, human leuco- 
cytes the phagocytability of the cultures was examined in a virtually 
complement-free milieu. The phagocytosis technique employed is 
described elsewhere (2), and it shall only be mentioned here, that the 
degrees of phagocytosis are given as percentages of free (i. c. unphago- 
cjdized) bacteria; and that the live bacteria alone are registered. The 
results of the tests for resistance and phagocytability arc thus strictly 
comparable, as in both cases only the live part of the bacterial popula- 
tion is registered. 


Tabic II. 

Determinations of Palhogcnieihj, Ucsistance to Coniplcjiicnl and Phagoenta- 
biliUj J7! Complement-] rcc Milica. 


one-cell 

animals 

bacteria 

free bacteria 

subculture 

surviving 

surviving 

after 

No. 

infection 

complement 

phagocytosis*) 


0 % 

0 % 

0 % 

80% 

100 % 

100 % 


70% 
70% 
57 % 

1 % 
2 % 
1 % 


51% 

50% 

55% 

50% 
54 % 
77% 


•) complement concentration in phagocytosis milieu less than 1 : 20,000. 
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Table II shows how the 6 subcultures, described above f.ii v • 
two qualitatively different groups; cultures 1—3 showing the comV 
tion of high pathogenicity and great resistance, while cultures t-o'sK 

eaily apathogenic and exhibit low resistances. It was mentioned above 
that one of the subcultures might have. originated from two bacteria 
and if we assume such two bacteria to be of very different resistance’ 
the resulting, mixed culture must exhibit an intermediate resistance 
value. Subculture no. 3 in Table II seemed to show suspicions of in 
homogeneity and was, therefore, twice split up into one-cell cultures 
(16 in all), which, however, showed resistances lying between 43% 
and 70 % and clustering around 55 % ; i. e. there is no reason to think 
that culture no. 3 consists of two groups of bacteria with greatly 
varying mean resistances. In the one-cell cultures employed only some 
40 bacterial generations have occured in the course of between 16 and 
18 hours, and it is, therefore, fairly certain that the cultures are homo- 
geneous; i. e. that an estimate of resistance or phagocytability is re- 
presentative of all the individuals in the culture*). Having taken the 
necessary' precautions with respect to homogeneity of the cultures, we 
may now compare the results of the experiments in Table II with 
earlier experiments. As mentioned before, a series of in vitro experi- 
ments hav'e been made with the original, pathogenic strain and the 
apathogenic v'ariant (no 206) isolated by Jensen (1); some of these 
experiments have been described by the writer (2), an they all show 
the pathogenic strain to be by far the most resistant. The experiments 
in Table II, where 3 new, apathogenic cultures have been isolated, and 
where simultaneous infection experiments and in vitro determinations 
w'ere made, thus fully confirm the scattered, earlier observations. 

Table II includes determinations of the phagocytability of the 
bacteria from the 6 subcultures. These determinations show that, when 
no complement is present, phagocytosis of pathogenic and apathogenic 
bacteria is equally strong. The fact that no difference is found between 
the pathogenic and the apathogenic strains in phagocytosis experiments 
until complement is introduced, indirectly supports our conception of 
complement, and especially its phagocytosis-promoting action, as the 
deciding factor in the defence against the Salmonella typhimurium in- 
fection. 

Conclusion. 

Salmonella typhimurium is, normally, highly pathogenic to mice, 
but loss of pathogenicity occurs spontaneously, presumably througi a 
mutative change. The relatively apathogenic variants, examined here, 
are characterized as follows: 

*) Of c"^rse, it must be assumed that the individuals, 
one-cell culture, are distributed, with respect to any 
a mean value. In the case of the young, one-cell 

of this distribution must have the lowest value attainable un • P 
conditions. 
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1) They are morphologically and antigenically identical with the 

original strain. . 

2) They possess nearly the same infectivity and toxicity as me 

original strain. 

3) Their low pathogenicity is due to reduced invasiveness. 

4) Together with invasiveness they have lost most of their re- 
sistance to complement in vitro. 

Part II. 

In the first part of this paper the permanent, mutative change in 
pathogenicity and resistance to complement has been dealt with. — 
Change of resistance can, however, also take place in another way: — 
Under poor growth conditions, cultures with low mean resistances are 
often formed, hut in this case the original, high resistance is restored 
on transfer to a richer medium. The fact that both loss and return 
of resistance can he artificially induced makes it possible to investigate 
the metabolic mechanism governing the development of the normal, 
high resistance. — Of course, it can not, at present, he decided whether 
the permanent loss of resistance, so closely related to loss of patho- 
genicity, and the temporary loss now to he dealt with, arc caused bj' 
disturbances in the same mechanism; however, the mechanism of the 
temporary loss can he investigated, and a careful study of this 
mechanism may give us the means by which later, the problem of the 
permanent loss of resistance can be approached. 

It should he pointed out at once that no qualitative change in 
pathogenicity accompanies the temporary loss of resistance, which 
only leads to a slight increase in the mean deathtime. It has not been 
possible to decide whether this is due to heterogeneity of the cultures, 
which in spite of their low mean resistances may contain a small frac- 
tion of bacteria with unimpared pathogenicity and resistance; or if 
some of the sensitive bacteria regain resistance and pathogenicity inside 
the infected organism. (The writer has shown that, possibly, bacteria 
injected into an organism will have time to change their properties 
before the complement process is activated (7) ). An example will show 
the relatively high pathogenicity of a culture with temporarily reduced 
resistance: Of the bacteria in the culture only 3 % survived treatment 
^yith complement, yet 18 out of 20 mice were killed the mean death- 
time being 9 days as compared with 100 % mortality and a mean death- 
time of about 6 days in a control experiment with a fully resistant 
culture. If the high pathogenicity of the very sensitive culture from 
this experiment is compared with the very low pathogenicity of the 
corresponding sensitive cultures (4—6) in Table II, it is seen how 

important it is to distinguish between temporary and permanent loss 
of resistance. 

A curious observation led to the studies of induced, temporary 
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change in resistance. — If a resistant ctmin r, 
m ordinary bouillon on to an agar plate, prepareS S theTa™ bo"'l' 
Ion, it is found that the bacteria formed on the agar surfarp i'*' 
resistant than those grown in the liquid bouillon. Tli'e loss ot resistan? 
occurring during the growth on the surface is, nndouhMIy, d * 
■a local deficiency in the supply ot one or more tood-substances ari'w 
during he growth of the colony, whose piled-up members depend 1 
material diffusing to and through the colony. This interpretation of 
the phenomenon was confirmed by the subsequent observation that 
addition of glucose to the agar could prevent the fall in resistance. 
From these experiments the following, general conclusion may be ar- 
rived at: Abundant growth on an agar surface does not necessarely 
imply that the bacteria do not suffer a partial undernourishment which 
would not be felt in a liquid medium with the same concentrations of 
nutrition-substances and growth factors. Experiments with induced 
change of resistance to complement will now be described. 


Experimental: 

The bouillon (broth) used throughout these experiments is prepared 
as follows: Finely minced beef muscle is extracted overnight with its 
own volume of w'ater in the cold. After boiling for 10 min. the water 
is pressed off and the meat once more boiled w'ith the same volume 
of water. The tw’o lots of -watery extract are mixed and 1 % Riedel 
peptone, 0.3 % NaCl and 0.2 % Na,HPO„ 12 H„0 are added. This bouil- 
lon contains: Total N (Kjeldal) about 3 mg/cc.: a-amino N (v. Slyke) 
about 0.4 mg/cc. and about 0.4 ®/oo of fermentative, reducing substances 
(chiefly glucose). 

Experiments were first made with bacteria growm in diluted bouil- 
lon, and, as shown in Table III, dilution beyond a critical step results 
in the formation of bacteria -with lowered resistance. In the three ex- 
periments in Table III, the different tubes wdth diluted bouillon were 
inoculated each -with about 2 X 10® bacteria, transferred from a grovn 
out bouillon culture, which means that extracellulare compounds in 
the houillon are diluted about 1,000,000 times. The determinations of 
gro-wth and resistance were made behveen 18 and 20 hours later i. e. 
several hours after growth had stopped and at a time -when nearly 
all bacteria must be in the resting-phase. The critical bouillon concen- 
tration, below which resistance falls, is somewhere about 1/64 At the 
bottom of Table III are stated the values obtained from a culture m 
bouillon 1/256 + glucose 0.02 %, and it is seen that while glucose 
raises resistance above the original value, no increase m ou p 
found. As the strains employed can utilize glucose as their only carton- 
source, this last observation indicates that the growth-limiting factor 
in diluted bouillon is the concentration of N-sources. 
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Table III. 

ol 0,,lv«t licf'--’'""" <0 C«mrlc«,cm oi Cro.m 

Ml Tiihttpfl liOUllloyi, 



live bacteria 
pr. cc (X 10“’)> 

(= n) 

relative output 

bacteria surviving 

bouillon 

cone. 

(c) 

! 

n/c (X 10~^) 

coniplcincnl 

' espcrlmcnt no, ] 

1 2 S i 

experiment no. 

1 2 :> 

cxpcrimcnl no. 

1 2 3 


1/4 

1/8 

55 

103 

52 

128 

5G 

4.4 

4.1 

4.2 

5.1 

4.5 

61% 

56% 

72% 

67% 

73% 

1/16 

1/32 

32 

15 

30 

17 

27 

14 

5.1 

4.8 

4.8 

5.4 

4.3 

4.5 

79% 

35% 

73% 

60% 

70% 

71% 

1/64 

9.3 

17 

17 

6.0 

10.9 

10.9 

61% 

42% 

51 % 

1/128 

1/250 

G.O 

6.2 

4.7 

8.5 

4.0 

7.7 

7.9 

12.0 

10.0 

10.2 

30% 

39% 

27% 

21% 

27% 

1/512 

— 

2.9 

— 

— 

14.9 

— 

— 

23% 

— 


1/250) 

+ glucose — — 3.7 

0 . 02 % 


67 % 


Bouillon dilutions niude with 0,9 % XaCl in dost, water and incubated at 
lOO® for 10—15 min. — 5 cc. in each tube; inoculation at room toiu]). Avilh one 
drop of a dilution 1/10,000 of a fresh culture in full hoitillon. 


It was next asccrlaincd that the growth proper is not influenced by 
dilution of the bouillon; in dilution 1/200 the values for lag phase 
and generation lime were of the same order as in dilution 1/4. It was, 
hoAvever, found that the ratio: bacteria formed/conc. of bouillon, (the 
ratio n/e in Table III) increased definitely with dilution. It has not 
been ascertained wbclhcr this is due to a relative increase in the total 
mass of bacteria formed, or if the dcalh-ralc in grown out cultures is 
lower in diluted that in undiluted bouillon (where a higher concentra- 
tion of toxic products will be reached). — The figures in Table III 
point to a possible correlation between fall in resistance and increase 
in relative output; this is, hoAvcver, not a constant finding, and the 
relative increase niaj' continue after inininunn resistance has been at- 
tained. — As to the time of examination of the cultures, this is not 
very critical. In the interval between 18 and 22 hours after inoculation 
in bouillon, diluted 1/64, resistance did not vary significantly, and the 
number of live bacteria per cc. fell from 14 only (o 10 X I0^ 

Determinations of pH in the grown out cultures indicate that the 
drop m resistance occurs Avhen, during growth, pH in the medium falls 
to values g about 6.2. As mentioned above resistance only drojAs when 
groAvth takes place in pure diluted bouillon; when e. p. glucose is ad- 
d«i in sufficient concentration no drop occurs in .spite of tlie fact that 
pH (outside the cells!) falls to values as low as 5.6 to 5.S. Control ex- 
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pciimenls with bouillon diluted 
have shown that in the interval 
while pH-values below about 6.0 
sistances. 


in phosphate buffers of varying nH 
6.5— 7.5 no drop in resistance occurs 
give bacteria with uniformly low re- 


^ot all cultures behave alike on transfer to bouillon diluted in 
saline. In some cases only minor drops in resistance are found an 
observation which may be explained if we assume that in such 
cases pH falls less than usual. If cultures in diluted bouillon shall ex- 
hibit the characteristic low resistance we must, therefore, inoculate 
from a suitable culture, or dilute the bouillon in phosphate buffer with 
pH between 5.5 and 6.0. Prepared in one of these ways cultures in 
diluted bouillon can be used for determinations of the influence of dif- 
ferent compounds on the development of resistance; this assay method 
is illustrated in Table III, where the effect of addition of glucose is 
tested, (compare the two last figures in the last column). 

Based on this method the common carbohydrates, some polyvalent 
alcohols and C3 and C4 acids have been examined. Among these com- 
pounds, glucose was most extensively used and it was found that ad- 
dition of above 0.0002 % (= 10~5 molar) to a bouillon diluted 1/200 
made itself clearly felt in the resistance of the bacteria grown in the 
bouillon; i. e., the fall in resistance normally found in the diluted bouil- 
lon was significantly diminished. The amount of glucose mentioned 
(0.0002 %} means approximately a doubling of the concentration of 
glucose in bouillon diluted 1/200. — As it was not possible to titrate 
the effects of all compounds, a concentration of 0.01 %, which in the 
case of glucose is 4 — 5 times what is needed for maximal effect, was 
used in a series of qualitative experiments. In Table IV the results 
of these experiments are listed together with the results of growth ex- 
periments, in each of xvhich one of the compounds was used as the 
only carbon source (the substrates composed of (NH^) 2 S 04 , MgSO^ 
and phosphate buffer plus the carbon source). The effects on resistance 
are classed in four groups, viz. no effect / »0«/, uncertain effect (»U), 
certain effect and strong effect / »3«/. As an example of a strong 

effect see experiment 3 in Table III, where the resistances with and 
without addition of glucose are 87 and 27 % respectively; on the same 
percentage level an effect of e.g. 55 % ctr. 27 % xvould be describe 
as certain (>>2«), and as uncertain (»1«) xvould be classed an effect 
of e. g. 40 % ctr. 27 %. Most of the compounds listed in Table IV have 
been used in two or more independant experiments the results of which 
have always agreed; fluctuations between effects »0« and »1« or be- 
tween »2« and »3« have occasionally been found, but a compound once 
giving a »certain« effect has never on repetition given an »uncertain<< 
effect and vice versa. Compounds only tested once are marked ou 
in Table IV with an asterisk. 
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as Carbon Sources. 


Name of 
comi>ound 


KlVccl on 
rcsislance 


Visible growth after: 
30 lioiirs r)2 hours 


cl-glucoso 

d-mannoso*) 

d-gnlactosc 

d-fructosD 


3 

3 

3 

3 


1_1 3-3 
2—2 3-3 
2—2 3—3 
0-0 3-3 


sorhitor) 

mannitol*) 

dulcitol 


3-3 

3—3 

1 

3-3 

o 

1 

o 

3-3 


arabinosc 

d-riboso 

xylose 

crythritol 

glycerol 

Na-citrate 


1—1 

3-3 

0-0 

0-0 

0-0 

0-1 

o 

1 

o 

o 

1 

o 

1—1 


1—1 

2 2 


Xa.succhiate’) 

Na-tartrate 

Na-malate‘) 

Na-fumaratc’) 

Na-nialeinnle 

Na-pyruvate 

Na-lactatc 


3 

0-1 

2 2 

3 

0-0 

0-0 

3 

•2 2 

3-3 

3 

0—1 

2 2 

1 

0-0 

0-0 

1 

1—1 

2 2 

1 

1-1 

3-3 


The offeels on resistance arc classed according to strength; «0« meaning no 
effect and i>3« indicating max., positive effect; no negative effects were ob- 
served. Compounds marked with ') have only been examined once for effect 
on resistance, (see text). The growth experiments were carried out twice, in 
some cases 3— i times; concentratiojis of C.compounds 0.2%; inoculations 
made each witli about nOO bacteria from a culture itt undiluted bouillon; no 
visible growth indicated by »Q«; max. turbidity, corresjionding to about 10® 
bact./cc., indicated by »3«. — lit all cases some growth could be demonslratcd. 
but in the cases marked »0«, it amounted to only about 8 — 10 divisions in 72 
hours, and no turbidity could be observed. 

Summarizing the findings in Table IV we see that the common hex- 
oses all give strong, reproclucible effects. The pentoses examined are not 
uniformly effective: d-rihosc, arabinosc and xylose giving the reticlions 
3, 2 and 0 respectively. The same is the case with the poljwalcnt al- 
cohols: sorbitol, mannitol and dulcitol giving reactions 2, 2 and 1, 
erythritol giving reaction 0. Glycerol and citrate are bolli veiy active, 
and so are the C4, dicarhoxyl acids, except maleic acid which has only a 
minor effect. Pyruvic and lactic acid have only slight effect. — In no 
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case ^^as a certain resistance-diminishing effect observed The ef 
fects of the compounds on resistance and their utilizability as carbon 
sources are seen not to run parallel in all cases. E.g. Iribose ana 
tartrate has a strong positive effect on resistance and give only slow 
and scanty growth, while lactate has slight effect on resistance and 
gives good growth. 

The principal feature of the experiments just described is the 
observation that under poor growth-conditions the process on which 
the development of resistance depends is slowed down and gets out 
of step with the growth proper. This means that under such conditions 
bacterial division will occur before the bacterium has had time to 
synthezise its normal amount of some, so far unidentified, substance 
on which its resistance depends. — The effect of glucose and the 
other positively reacting compounds may best be described as an ac- 
celeration of the synthesis of the unknown substance. 

The effect of glucose and related compounds on the resistance of 
bacteria grown in diluted bouillon or on an agar surface made it de- 
sirable to see if phosphorylation is involved in the process on which 
the development of resistance depends. — It was found that phloridzin 
could be added to bouillon without seriously affecting the growth of 
S. typhimurium. The specific inhibitory effect on the uptake of in- 
organic phosphorus exercised by phloridzin could thus be investigated 
in a growing culture. In Table V a titration experiment is shown in 


Table V. 

Titration of the Effect of Complement on Bacteria Grown with and willioiit 

Phloridzin in the Medium. 



CONG, or COMPLEMENT 

The dotted, upper curve indicates the result that would be obtai 

A °shSws” results with bacteria grown in bouillon 
Curve B shows results with bacteria growm in bouillon 

(m/200). 
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mrison roughly indicates the great resistance of bacteiia gro^^ 
undiluted bouillon: curve A pictures the considera y 
Tsfance of bacteria gro.ui in bouillon diluted 1/200. and c^ve B sbo. 
the further reduced resistance of bacteria grown in bouillon 1/200 to 
which is added phloridzin in a concentration of in/200. Titration ex- 
periments like this should he made in all cases where the sensitivity 
of the bacteria makes it possible to examine the greater part of the 
curves, in order to make sure that the effect studied concerns all 


Table VI. 

The Elfcet of Phloridzin on the ncsistancc to Conivlenic.nl at Varuino 
Concentrations of Cihicose. 


% 



LOG molar CONG. Or added GLUCOSE 


The signs in the Table indicate survical percentages from different ex- 
periments; each experiment lias its own sign, and open signs (c. g. A) refer to 
cultures luithont phloridzin while filled out signs (e. g. A) refer to cultures 
with addition of phloridzin (m/200). 

ci, indicates the concentration of glucose in bouillon diluted 1/200, i. e. about 
10—5 molar. 


Using a method of computation suggested by Rash (G), it can be shown that 
the G percentages derived from tubes xuithout phloridzin and with glucose- 
conc. above 10 ' molar, do not differ more than is to he exjiected if they are 
assumed to belong to one group with the mean value 80 %. — The 5 percent- 
ages from tubes xvith phloridzin and with high glucoso-conc. can also be 
regarded as belonging to one group (mean value 72%). The moan values of 
the two groups described differ significantly. 
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Phloricizin had affected inly T t™Uon"irthiVadOT?a"The'^^^^^^^ 
curves would not have shown parallel courses The parallel a ? 
u.e curves in Table V indicales that, as far as the precifaTted^r, 
phlondam is concerned, no qualilative difference exists between 
bacteria in the culture.*) ‘ 

Finally, we shall compare the opposite effects on resistance of 
glucose and phloridzin respectively. In table VI are collected various 
determinations of the resistances of bacteria from cultures with, and 
without phloridzin and with varying concentrations of glucose. In this 
Table each value indicates the resistance of a culture, all cultures 
having been tested with the same concentration of complement (viz. 
50 %). It is seen that though some variation is found between cor- 


responding results from different experiments, there is no doubt 
that the effect of phloridzin is strongest at low' concentrations of 
glucose and increasing glucose concentration diminishes the effect, 
(compare the phloridzin effect at glucose concentrations of about 
10-^-5 molar to the effect at concentrations above 10-^ molar). This 
seems to indicate that phloridzin interferes with the utilization of 
glucose in the building up of resistance. 

It should he mentioned that phloridzin concentrations of about 
m/200 besides a decrease in resistance bring about a minor decrease 
in the output of bacteria. This means that phloridzin not only causes 
the drop in resistance to increase in the diluted bouillon but at the 
same time causes the growth process, during which the drop occurs, 
to stop earlier. If phloridzin had effected the growth process alone, a 
slightly smaller drop in resistance would have been expected owing to 
the shortening of the grow'th process. The effect of phloridzin on the 
growth of the bacteria thus does not alter our idea about its inhibiting 
effect on the development of resistance. 


Conclusion. 

A temporary (reversible) drop in the resistance of Salmonella 
typhimurium to complement is found when the bacteria are grown in 
bouillon diluted beyond a certain limit. This often considerable drop 
in resistance occurs within the relatively short period of 14—15 bac- 
terial divisions. Addition to the diluted bouillon of glucose, or one 


*) In an earlier paper the wu-iter (2) has shown that in most cases b ration 
curves, like those in Table V, are symmetrical, S-shaped ‘ 1 ,, 

probit-diagram give straight lines indicating that bacteria are noi mall) 
distributed wdtli regard to resistance to complement. It has latei be f u 
that when cultures, wdiich, for the completion of the curves, demand highe^ 
concentrations of complement than about 30%, aie examined, P 
concave curve is obtained in the probit-diagram. This seems ^ f ‘‘’f 
at high concentrations the increase in complement actnity 
correspond to the increase in concentration. 
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of several related compounds, completes the bouillon in such a \Yay 
that no drop in resistance occurs. Phloridzin which inhibits the up- 
take of inorganic phosphorus, counteracts the effect of glucose which 
thus seems to undergo phosphorylation before it is utilized. It is at 
present impossible to say whether glucose and the similarly reacting 
compounds are used directly to build up some substance which renders 
the bacteria more resistant; it may well be that the different com- 
pounds only supply energy for the synthesis of this substance, or they 
may be used by the bacteria to keep the pH of the internal environ- 
ment of the cells within limits permitting full development of re- 
sistance (cf. p. 423 — 24). 

Using synthetic substrates, further studies of the resistance-pro- 
ducing mechanism are being made; the first results of these ex- 
periments will be published shortly. 


Pari I. Sammaru. 

The conception of pathogenicity is analysed and split up in three 
components, viz. infectivitij, iiwasiueness (here defined as the faculty 
for multiplication inside the invaded organism) and toxicity (indi- 
cating the general dangerousness of the bacteria). Possible correlations 
between the three factors arc discussed. 

Infections with pathogenic and apathogenic strains of Salmonella 
typhimurium are described, and it is shown that the difference in 
invasiveness between the strains must be caused mainly by a difference 
in their resistance to the antibacterial forces of the organism {in casii 
complement). No significant difference in toxicity is found between 
the strains, and morphologically and antigenically they are also iden- 
tical. 

In an experiment 3 new apathogenic cultures are isolated, and the 
homogeneity of the cultures with respect to invasiveness and resistance 
to complement is examined. The experiment confirms earlier observa- 
tions by the writer showing that pathogenic strains are much more 
resistant to complement than are apathogenic strains. It is shown 
that in complement-free milieu there is no difference between the 
phagocytability of pathogenic and apathogenic bacteria. 

Part 11. 

As opposed to the above described pennario^t, mutative loss of 
pathogenity and resistance, the occurence of a tempararii, r&veis^c 
loss of resistance is described. Temporary loss of resistance is^Sund 
when e.g. the resistant strain is grown in diluted bouillon, and it can 
be prevented by adding glucose or one of several other simple, N-free 
compounds to the bouillon. That phosphorylation is probably involved 
in the resistance-producing process, is concluded from experimrats 
with phloridzin, which is shown to lower resistance consideiably. 
Glucose counteracts to some extent tlie phloridzin effect. 
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PLEOMORPHISM IN HEMOPHILUS HEMOLYTICUS 
CAUSED BY V-FACTOR DEFICIENCY 

By Svcrre Did: Hcnril:scn. 

(Received for publication November 7tli, 1947). 

A few small transparent strongly hemolytic colonies were found in 
a throat culture from a woman, with a history of frequent sore throats. 
They consisted of gram-negative rods of a very pleomorphic ap- 
pearance. Some of the microbes were long filaments with targe sphe- 
rical or fusiform swellings along the filament, or spermalozoa-like 
with a swollen, round or oval head and a long tail. A number of large 
free spherical bodies were also found (photo no. 1). 

At the same time two similar strains were isolated from two 
patients in the eye clinic. Tlio three strains were found to require 
the V-factor of Tlijolla and Avery, and were classified as H. hemo- 
lyticus. 

As this species has seemed to be a rare finding lately in this 
laboratory, a class of medical students, numbering 44, was examined 
for the presence of this microbe in the throat. It was found in 8 out 
of the 44 cultures, but only 6 of the strains were obtained in a pure 
culture. All strains showed a similar, more or less marked pleomorph- 
ism. 

Some experiments were undertaken to study the cause of this pleo- 
morphism. which seemed particularlj' interesting because of the fre- 
quency of the much disputed ^spherical bodies« or »Iarge bodies«. 

Material. 

8 strains, all isolated from throat cultures; were studied. Their 
properties were the following: 

Morphology. All strains were gram-negative rods, with a more 
or less extreme pleomorphism. Some strains mainly produced short 
rods with little pleomorphism, others produced mainly long filaments, 
often with large club-Iikc sw'ellings of one end or with large fusiform 
or oval swellings along the filament. Large free spherical or oval 
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bodies and other bizarre ^involution forms« wpvp r 
morphic culluics were further characterized by irregS'stai!-'”' 
While some microbes were stained very strongly a larrnumh, ®' 
very pale, often practically unstained, and seemed lo beTa "2' 
of autolysis. The colonies were flat, smooth or slight y S? 
transparent, of a diameter up to 2 mm, and produced wide zone !; 
homo ysis on blood agar. All strains showed an absolute need for th' 
^ -factor, in the form of blood, yeast extract or produced by some 
other microorganism such as a Staphylococcus. All strains showed 
a marked satellite phenomenon. The strains produced acid from 
glucose, maltose and. sucrose hut not from mannitol or lactose. They 
did not produce indol. ^ 

The strains conform with Hemophilus hemolyticus except in their 
independence of the X-factor (1), and were classified as atypical 
strains of this species. They are perhaps the same as the hemolytic 
H. parainfluenzae studied by Dienes (2). 


Experimental. 

In a study (3) on some mucoid organisms from the throat, a very 
marked pleoniorphisni could be produced whenever the strains were 
exposed to a dry athmosphere at 37 C, while it did not appear in a 
humid athmosphere at 37 C, or at lower temperatures. It was thought 
that. the pleomorphism in the strains under investigation might be 
due to some similar factor. 


Experiment no. i. 

3 strains were inoculated on two different blood agar plates, one 
of which was incubated in a dry athmosphere (in an ordinary electric 
incubator), the other in a humid athmosphere (in a tight jar contain- 
ing a dish of yvater) . After 24 and 48 hours a striking difference was 
found. The plate grown in a dry athmosphere showed extreme pleo- 
morphism, the other plate practically none. Thus the hypothesis seem- 
ed to have been confirmed (photos nos. 2, 3). All attempts to re 
produce the results, however, were unsuccessful. Thus it seemed as 
if some other difference between the two plates used in the ns 
experiment might have been the cause of the observed difference. 
Nothing is knowm about the origin of the blood used in the firs ^^o 
plates, but there is a fair chance that different samples had een 
used in the two plates. When the same sample of blood was used m 
all plates, no difference yvas found betyveen cultures grown in a rj 


or a humid athmosphere. arown 

In this laboratory blood for blood agar plates usually drayyn 
from medical students or from patients in the hospital on 
three days of each week. Some samples are used immediately, older 
are stored with sodium citrate at 4C until required, up to J _ 
days. It seemed to be possible that the different treatment of the 
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ferent samples mighl be the cause of the varying degree of pleo- 
morphism. 

Experiment no. 2. " , n, • 

20 ml samples of blood were drawn from the same lieallliy in- 
dividual on 5 consecutive days, and stored at 4 C with sufficient 
citrate to prevent coagulation. On the last day 2 samples were dra^^n, 
one of which was mixed with sodium citrate solution, whereas the 
other was used without anti-coagulant. Plates were prepared of alt 
samples with the same percentage of blood. Two sets of plates were 
inoculated with 6 different strains and incubated in a dry and a humid 
athmosphere respectively. 

Microscopical examination after 24 and 48 hours revealed no ap- 
preciable difference between the different euttures of tbc same strains. 
Very little pteomorphism was found in these cultures. 

Neither addition of citrate nor storage seemed to have any influence 
on the degree of plcomorphism. 

The possibility remained that some other qualitative or quanti- 
tative difference between the iilatcs, used in -the first experiment, was 
the explanation of the results. There might be some reason to suspect 
that a different quantity of V-factor might he the cause. It has heen 
noted repeatedly in this laboratory that not all blood agar plates give 
equally good growth of hemophilcs. In some cultures they only grow 
as satellites round other colonies. 

Experiment no. 3. 

Yeast extract, prepared according to the directions given bj* Thjoltn 
and Avery (4), was used as the source of V-factor. 

Two series of three-fold dilutions of yeast extract were made, one 
in ascites fluid, the other in 0.85 % saline. 3 ml of each of these dilu-- 
tions were mixed with 12 ml. of melted agar, and poured into Petri 
dishes. 

The plates were inoculated with 6 different strains and incubated 
at 37 C in a humid athmosphere. 

On control after 24 and 48 hours no difference was found between 
the ascites series and the saline scries, but a very marked increase 
in plcomorphism was found to appear with diminishing concentration 
of yeast extract. In cultures containing the largest amount of yeast 
extract (2/3 ml), very little, if any, plcomorphism was found. The 
microbes were mostly short and homogeneous. Only the strains with 
the highest tendency to plcomorphism produced occasional spherical 
bodies in these cultures. 

The next two or three dilutions of yeast extract, however, produced 
a very strong increase in plcomorphism, with an increase in the num- 
ber of filaments, the number of fusiform and spherical swellings and 
tree spherical bodies, and also a very marked increase in the number 
ot microbes which were very weakly stained. 
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Concentrations’ of yeast extract below 2/81 ml to i 

no visible growth. When some of the inoculum was scrapS o”f 
plates and examined, a large number of very pale probably S 
microbes were found, and here and there’a few short, strongly Lined 
t'o grow ’ a feeble, unsuccessful attempt 


This experiment was repeated several times with slight variations 
in the technique. Similar results were always obtained (photos nos. 
4 — / ) . 

On some plates, containing insufficient yeast extract to give growth, 
some contaminant colonies — mainly staphylococci — appeared. Round 
such colonies good growth of the hemophiles was obtained. On exam- 
ination of such colonies, those growing very close to the staphylococ- 
cus were found to contain comparatively regular, homogeneous rods, 
xvhereas colonies farther axvay from the staphylococcus showed a very 
marked pleomorphism. 


Experiment no. i. 

Plain agar plates or la'ctose agar plates were inoculated heavily in 
parallel streaks with two of the. strains. A staphylococcus was inocu- 
lated in one streak across the plate, at right angles to the first ones. 

After 48 hours colonies had appeared in a 1 — 1.5 cm wide belt on 
both sides of the staphylococcus. The colonies close to the staphylococ- 
cus showed very little or moderate pleomorphism, while the tiny ones 
, in the periphery xvere found to be extremely pleomorphic (photos nos. 
8,9). 

Thus the influence of the lack of V-factor was effectively counter- 
acted by the presence of microbes known to produce this factor. 

The experiments prove that pleomorphism in our strains was pro- 
duced by a deficiency of V-factor. It seems likely that a relative de- 
ficiency of this factor may also be the cause of pleomorphism on some 
blood agar plates. 


Discussion. 

Pleomorphism of the type described above is not rare in bacteria. 
We have repeatedly found strains of E. coli in cases of chronic urinary 
infection, which showed a similar pleomorphism. Dienes has alrea y 

drawn attention to this fact (5). . , . -r ^ cwp]- 

Production of large swollen cells, filaments with fusiform 

lings or clubs and free spherical bodies occurs Lnili- 

number of species, such as P. pestis, H. duplex, Streptobaci 
formis and B. funduliformis. It has been considered so typical 
species as to be utilized in systems of classification (e. g. 

Sphaerophoraceae (6)). r,cUire of 

There has been a great deal of speculation as to t 
this pleomorphism, and particularly of the role of t e sp eri 
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One school of thought, represented hy Dienes (2, 5, 7), considers 
the spherical bodies as stages in a special kind of bacterial variation, 
connected with the appearance of L type colonies. Dienes has done 
a large amount of work to clarify this problem, and has given ac- 
curate descriptions of such phenomena in Streptobacillus moniliformis, 
H. influenzae, E. coli, gram-positive spore-bearing rods and Proteus. 

Others, particularly Klieneberger (8), explain some instances of 
such pleomorphism as the result of symbiotic growth between a bac- 
terium and an organism of the pleuro-pneumonia group. 

Still others consider such phenomena as »involution forms«, 
caused hy the action of some injurious factor, and attach no particular 
importance to the spherical bodies. 

In a paper which has just appeared, 0rskov (9) supports this 
opinion and maintains that the term »involution forms« gives the 
most fitting description of the phenomenon. 

It seems that the result of our experiments would lead us to agree 
with 0rskov. Both in this study and another study (3), mentioned 
above, a single injurious factor was found to be responsible for the 
appearance of pleomorphism, and it appeared in the most marked form 
at a point, where the injurious factor was just on the point of pre- 
venting growth alltogether. 

If production of spherical bodies and similar forms can be shown 
in each instance to occur under the influence of factors w’hich prevent 
the normal multiplication and, particularly, the division of the cells, 
the presence of spherical bodies would lose significance as far as 
classification is concerned, and speculation as to their role in some 
hypothetical life cycle w’ould probably be invalid. 

It would seem that a useful approach to the problem would be to 
find out under which circumstances pleomorphism might be brought 
to disappear. Such studies might lead to information about the growth 
requirements of various species, which knowledge might be more 
useful in classification than the registration of abnormal cell forms. 


Summary. 

Several strains, classified as atypical strains of Hemophilus hemo- 
lyticus, were found to show a marked pleomorphism on certain blood 
agar plates. The pleomorphism was characterized by elongation of the 
cells and the appearance of fusiform swellings, spermatozoa-like cells 
and free spherical bodies. 


Pleomorphism could be produced at will by reducing the quantity 
af V-factor m the media. The presence of microbes, such as staphylo- 
cocci, in the cultures counteracted the lack of V-factor. 

believed that this type of pleomorphism is due to interference 
wi h the mechanism of cellular division by some adverse influence or 
nutritional deficiency. 
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Photo no. i. 

H. hcmolyticus. Primary cul- 
ture on blood agar. Many fu- 
siform and club-like swel- 
lings. Stained with carbol 
fuchsine. X 1100. 



Photo no 3. 

Same strain as in no. 2. Dry 
atlimosphere. Carbol fuchsine. 
X 1850. 



Photo no. 2. 

Blood agar culture, incubated 
in humid atlimosphere. (exp. 
no. 1). Carbol fuchsine. 

X 1850. 



Photo no. 4. 

H. hcmolyticus grown on 
agar plate with 1 ml yeast 
extract. Carbol fuchsine. 

X 1850. 
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Photo no. S. 

Same strain grown on agar 
plate with 0,5 ml 5 '^east ex- 
tract. Carhol fuchsine. X 1850. 



Photo no. 6 . 

Same strain grown on agar 
plate with 0,125 ml yeast ex- 
tract. Carbol fuchsine. X 1850. 



Photo no. 7. 

Same strain grown on agar 
plate with 0,0625 ml yeast ex- 
tract. Carbol fuchsine. X 1850. 




Photo no. 8. 

Satellite colonies growing clo- 
se to Staphylococcus colony 
on plain agar plate. 48 hours. 
The microbes are weakly stai- 
ned, as usual in 48 hour cul- 
tures, hot show only moderate 
pleomorphism. Carbol fuch- 
sine. X 1100. 


Photo no. 9. 

Satellite colonies of same 
strain, growing farther away 
from Staphylococcus Marked 
pleomorphism with coarse fi- 
laments and spherical bodies. 
Carbol fuchsine. X 1100. 



r,on THE sr.TE^nAcrjn,0E0a,c^E sroa^ 


THE INFLUENCE ON THE FORMATION OF ANTITOXIN 
EXERCISED BY DEAD DIPHTHERIA BACILLI ADDED 
TO DIPHTHERIA TOXOID IN THE IMMUNIZATION OF 
RABBITS AND HORSES 

By Ai7ic Lithander. 

(Received for publication November lOtb, 1917). 

The inclhods used in the inimunizalion of animals for the produc- 
tion of antitoxic sera against tetanus and diphtheria were considerably 
improved when Ramon (1025) suggested that certain non-specific 
preparations, such as tapioca, calcium chloride and alum, he added 
to the antigen. Ramon found that horses immunized against diphtheria 
by diphtheria toxoid and tapioca yielded a scrum containing an average 
of 700 A. U. per cc while when only diphtheria toxoid was used the 
average was less than 375 A. U. Glcnmj, Bnillc and Stevens (1931) 
were of opinion that the value of the addition of these non-specific 
preparations lay in the retardation of the resorption of the antigen 
so that its immunizing effect was enhanced. Ramon (1038) thought 
it probable that such an addition caused a non-specific stimulation 
which was favourable for the immunization Lemctayer (1933) pointed 
out that when tapioca was added to injections of diphtheria toxoid 
into horses, a leucocytosls developed which he considered important 
for the formation of antibodies. 

Tapioca and alum arc probably the preparations most commonly 
used in the immunization of horses for the production of diphtheria 
scrum. The addition of tapioca to the antigen contributes to a good 
yield of antitoxin but unfortunately it causes large abscesses to form 
around the places of injection. This affects the horses to such an ex- 
tent that the immunization must not seldom be interrupted. The ad- 
dition of alum causes less formation of abscesses hut is considered to 
give poorer formation of antibodies in horses than tapioca, Ramon 
Lcmetaijer, Richoii (1934). These authors reject the use of alum in 
hoises also for the reason that the horses arc seriously injured by the 


29 * 
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preparation, inter alia in the kidneys. On the other p 
serologists have found alum to he of great value and, getrallv sS' 
liors^s^*^””^ disadvantages in the production of diphtheria serum on 


Experiments have also been made to use diphtheria bacilli in 
various manners in the immunization against diphtheria It may for 
instance, be mentioned that Bohme (1924) inoculated live diphtheria 
bacilli into the skin of guinea pigs, finding afterwards that the serum 
of the guinea pip contained 5—1 O' A. U. per cc. Ramon and Debre 
(1931) injected live diphtheria bacilli subcutaneously on horses. After 
tw'o injections of small quantities of bacilli the anti-body content of 
the horses increased to 3 — 15 A. U. per cc. By repeated injections of 
larger amounts of live bacilli Legroux, Ramon, Debre and Thiroloix 
(1931) obtained on two horses 35 and 45 A. U. respectively. In ex- 
periments on guinea pigs Kritschewski and Galanova (1936) found 
that injections of dead diphtheria bacilli yielded only an average of 
0.005 A. U. per cc. D’Antona and Valensin (1936) detoxicated diph- 
theria cultures by formalin in heat. The finished preparation, which 
contained 10 — 15.000 millions of bacilli per cc, was compared in regard 
to its immunizing ability w'ith anatoxin free from bacilli. The authors 
found that the animals w’ere little affected by this bacillus containing 
preparation and that it caused better formation of anti-bodies than a 
bacillus-free toxoid. However, they did not state what antitoxin values 
had been obtained. They regarded the effect of the bacilli as non- 
specific as is the effect of tapioca. 

In the State Bacteriological Laboratory tapioca has chiefly been 
employed as an addition to diphtheria toxoid in the production of 
diphtheria serum on horses. Alum and calcium chloride have yielded 
less satisfactory results. During the war it proved impossible to obtain 
tapioca, so a demand arose for another suitable preparation to be 
added to the diphtheria antigen. In his endeax'ours to find one, the 
author mainly concentrated on the influence of dead diphtheria bacilli. 

Preliminary experiments were carried out on rabbits, divided into 
four groups of 10 animals each. All the rabbits showed a content of 
normal anti-bodies against diphtheria loxver than 0,003 A. U. per cc. 
They were given subcutaneous injections of the same diphtheria 
toxoid, produced from toxin prepared on Loiseau-Philippe substrate 
xvith strain Park- William. The injections were made with four days 
intervals, each rabbit receiving 6, 15,. 30, 60 and 240 FI. U. of toxoi . 
In the first group 1 % tapioca was added to the toxoid, in the second 
formalin-killed diphtheria bacilli to such an amount that the toxoid 
contained 2 % of moist bacilli. In the third group 2 % of dead typhoid 
bacilli were added to imitate »vaccinatioii associee« according to 
and Zoeller (1926) and in the fourth group toxoid alone was in^^ted. 
Six days after the last injection of toxoid the concentration ot dip - 
theria antitoxin in the rabbit sera was examined by intracutaneou 
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tests 0.1 rabbits according to Jensen (1333). The results arc shown in 
Table 1. 


. . . r .4 -M 

Concentration of clipbtlieria antitoxin in serum from rabbits injected ^Mt i 
dipbtberia toxoid with the addition of various substances, n - numbe of 
rabbits 111 = mean value, Min. = minimum, Max. = maximum content of 
’ .'iiilitnxin in tlic croup. 


Preparation injected 


Dipbtberia toxoid + 2 % dipbtberia bacilli 

Dipbtberia toxoid + 1 % tapioca 

Dipbthcria toxoid + 2 % typhoid bacilli . . . 
Diphtheria toxoid 



.A. 

U./cc 


>' i 

M 

1 .Min. 

1 Max. 

10 

7.9 

2,5 

15 

10 

0,7 

2,5 

12 

9 

4,0 

2,0 

7 

10 

2,5 

0,5 

4 


Though the niinihcr of animals is liinilcd the fable ncvcrlliclcss 
shows that the addition of dead diphllicria bacilli to diphtheria toxoid 
in the immunization of rabbits according to the method described 
above causes a considerably belter formation of antitoxin than that 
obtained by injections of diphtheria toxoid alone, and the result is 
at least as good as when tapioca is added. The addition of typhoid 
bacilli appears to give a slightly improved effect as compared wlh the 
use of diphtheria toxoid alone. 

The experience thus gained was applied to the immunization of 
horses for the production of diphtheria antitoxin. The horses were 
immunized in couples, so that one horse received toxoid + 1 % 
tapioca and the other the same toxoid + 2 % diphtheria bacilli. The 
toxoid held approximately 30 flocculation units per cc. As in the ex- 
periments on rabbits the diphtheria bacilli were killed by treatment 
with 2 % formalin at room temperature for 24 hours, after which 
the formalin was removed by washing with physiological saline. Fifteen 
couples of horses were treated. In each couple both the horses had 
the same content of normal anti-bodies in the scrum. The content 
of normal anti-bodies varied between 0,003 and 0,1 A. U. per cc. 

In the first period the immunization comprised 6 injections, 20, 
50, 100, 150, 250 and 300 cc of toxoid. In each subsequent period ^Yere 
given, as a rule, three injections of 100, 150 and 200 cc. The injections 
were made every third or fourth day. Bleeding was done 4 — 5 days 
after the last injection. Between a bleeding and the following period 
of immunization the horses rested for 3 weeks. The content of anti- 
toxin in the sera of the horses was determined by flocculation. The 
results are shown in Table 2. The addition of diphliicria bacilli caused 
considerably less formation of abscesses and had less effect on the 
general condition than what was noticed after the addition of tapioca. 

e rise m temperature after each injection was about the same in 
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„ Table 2. 

s ssrs? rT.p"‘r -\?r" 


Diphteria toxoid -j- 
2o/o diphteria bacili 

Diphteria toxoid -f 

I % tapioca 

A. U./cc 

A. 

U./cc 

n 1 M 1 Min. 

1 Max. 

n 1 M 

i Min. 1 JIax. 


1st period 

15 

785 

175 

1620 

15 

731 

156 

1296 

2nd » 

14 

637 

209 

1125 

14 

702 

122 

1620 

3rd » 

10 

811 

432 

1400 

13 

856 

204 

1620 

4th » 

9 

822 

622 

1620 

9 

693 

373 

1620 


In so far as conclusions can be drawn from so scanty a material 
the table show's that the addition of dead diphtheria bacilli to diph- 
theria toxoid in the immunization of horses w'ould appear to cause 
as good a formation of antitoxin as the addition of tapioca. The small 
number of animals prevents conclusions to be drawm from the dif- 
ference betw'een the tw'o groups in the second and fourth periods of 
immunization. It is evident from the table that the number of horses 
decreased during the last periods of immunization. This is explained 
by the fact that the horses xvhich could not resist the injections suf- 
ficiently well w'ere excluded. This, of course, renders a comparison 
of the two groups more difficult. It may be mentioned that by im- 
munization with equal doses of equivalent diphtheria toxoid without 
addition the mean value for the content of antitoxin w'as less than 
300 A. U. In regard to the time of flocculation and the agreement 
betxveen flocculation values and the values obtained in titrations on 
guinea pigs no difference could be demonstrated behveen »tapioca 
serum« and ^bacillus serum«. 

Summary. 

In the immunization of rabbits and horses for the production of 
diphtheria serum the addition of dead diphtheria bacilli to diphtheria 
toxoid gives as good a formation of antitoxin as the addition of tapioca. 

The addition of diphtheria bacilli caused in horses less formation ot 
abscesses and less effect on the general condition than did the 
dition of tapioca. 
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EFFECT OF PENICILLIN ON CERTAIN INTESTINAL 
ROD-SHAPED BACTERIA. PENICILLINASE PRODUC- 
TION IN PROTEUS MORGANI 

By 0. Lahelle. 

(Received for publication November 11th, 1947). 

The effect of penicillin on a number of different microbes and 
viruses has been investigated. It is naturally first and foremost the 
penicillin-sensitive microbes that have been subjected to the most fre- 
quent and thorough investigation, while the effect on the microbes 
which are generally regarded as resistant to penicillin has been tested 
to far less extent. 

To this latter group belong the intestinal rod-shaped bacteria, some 
particular species of which shall be dealt wth in the present paper. 
Already in 1929 A. Fleming found that penicillin had relatively little 
effect on Escherichia coli. Salmonella typhi and Proteus vulgaris. E. P. 
Abraham and coivorkers in 1941 were able to confirm the results of 
his investigations. They have later been extended to embrace all the 
ordinary pathogenic and non-pathogenic intestinal bacteria belonging 
to the Enterobacteriaceae, and it has been regularly found that these 
bacteria are resistant to penicillin. 

The work done on this field in recent years has shown, however, 
that even though the intestinal rod-shaped bacteria must from a 
practical standpoint be regarded as resistant, this does not mean that 
they are absolutely unaffected by penicillin. But the concentrations o 
the antibiotic which inhibit the growth of the bacteria are so strong 
that in case of infections in man we cannot expect any effect from the 
usual subcutaneous, intramuscular or intravenous administration o 
penicillin. G. L. Hobby (1944) tested a number of Gram-negative, 
intestinal bacteria and found that typhoid and dysentery bacteria 
relatively sensitive. A. R. Thomas and Max Levine (1945) worked wi 
different Salmonella and Shigella types, as well as strains of the 
Escherichia coli and Aerobacter aerogens, and showed that all oi 
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gans bacilh or the coliform microbes, as %ve here name them had 
no power Of fermenting 1-phenylalanine with formation of phi 
pyruvic acid. For distinguishing between Proteus morgani and tL coli- 
form bacteria we used, in addition to fermentation, the different 
powers of decompossing urea possessed by the bacteria. While Proteus 
vulgaris and Proteus morgani decompose urea with great energy, the 
coliform bacteria do not hydrolyze that substance, or hydrolyze only 
small quantities thereof. We employed the technique devised by IV. 
Blake Christensen (1946). 

The titration of the sensitivity of the different intestinal bacteria 
to penicillin was effected by a serial dilution method, mostly a modi- 
fication of Kolmer’s method. Bouillon-dilutions of penicillin are here 
arranged in geometric progression. To each tube containing 1/2 ml of 
penicillin-bouillon is then added the microbe to be tested. As inoculum 
we used a 6-hour culture in ordinary bouillon diluted 1/1 000 000. Of 
this dilution Vii ml was added to each tube. Then followed incubation 
for 20 hours at 37® C. After incubation the degree of turbidity in the 
media was noted macroscopically. For control wmre made cultures on 
agar plates from the tubes in order to obtain an idea of the number 
of living microbes present in each tube. As a rule there was good 
concordance between the macroscopic readings and the readings after 
culture on agar. The Proteus vulgaris gave swmrming colonies after 
culture on agar, and for this bacterium only macroscopic readings from 
the tubes were taken. The results of our titrations will best be seen 
from Table I. 


Table L 

Fenicillin-sensitimty in the different intestmal bacteria. 



Number 

of 

strains 

Penicillin concentration 

Control 

2000 

1000 

500 

250 

125 

63 

32 

16 

8 

1 4 

0 

Proteus 

vulg. 

10 

1 

1 





1 

2 

2 

4 



Proteus 

morg. 

10 

6 

1 

i 

2 j 

2 









Coliform 

bact. 

10 


j 


2 

2 

4 

2 

1 




Escheri- 
chis coli 

23 

1 



2 

1 

15 

4 


- 




The material gives quite a good idea of the * ' j.g|gtively 

of the different bacteria. It appears that Proteus inhibited 

sensitive. The most resistant of these strains were strains 

in their growth by 63 units of penicillin per ml. The other 


!i;u! a penicillin resistance which lay between a2 and vS units. Most of 
them had a resistance of IG or 8 units per ml, 

Proteus inufitani prt>ved to he very resistant to penicillin, G strains 
having a resistance of 2G0U units or more. None of the strains in- 
vcsli:4atcd hud a resistance of under 500 units per ml. The coliform 
microbes, <>r those formerly called ^^organ^s bacilli Types 11, III and 
IN . occuptetl an intermediate position. The same was the case with 
strains of the K.scheriia culi. These two groups of bacteria had a 
resistance tying between 250 and 52 units per ml. One of the coli 
strains fwoper, however, showed a resistance of 2000 units. The in- 
vestigation shows that all the Gram-negative intc.slinal bacleria are 
sensitive to penicillin, hut there is a distinct difference in re.sistance 
between the individual species. 

It has been njeuUoued that the lilraliou of the rosislanee to penicil- 
lin was effected by adding to each lube of penicillin-bouillon a 
1 1 000 UUU dilution of :in uriginul G-honr culture. Now it has pre- 
viously been demonstrated that the amount of the inoculum may be 
of imp<!irlancc for the result of such titrations as have here been made. 
This has hctui found by l{. F. Farkttr (, lO tG) to be the ease with the 
more resisl;mf, penicillinase-pnuiucing slaphyIoc»)cci. The same oh- 
.servalion Was tmule by A', /fic/ners* /iriVovcn t lO lG) as regards the liacil- 
lu.s anlhracis .ami a sirjgle paracolon strain. NVe investigated many of 
our straiiis by juakiitg a series of titrations of penicillin resistance 
with use of different inocula for one and the same strain. Examples 
of these titrations are given iti Tables II, III and IV. 

From 'ruble II it is distinctly evident that the amount of tlie ino- 
cuhun is of great importance in titration of the penicillin re.sistance 
in c.asc of Proteus morgani. 'rhere a 1/lG dilution of the original bouil- 
lon is usetl, the resistance to penicillin is more than 2500 units per ml. 
(In use of an inoculum with a dilution corresi)onding to I/IO 000 000 
of the original hmiilloji culture we come down to a ])cnicillin resistance 
figure of between .512 and 150 units per ml. The lilralion of the Proteus 
vuig.aris gave a different result. Here the .amount of the inuculuin 
seemed to he without significance for the determination of the re- 
sistance, It would perhaps he uiilural to ascribe this difference in the 
result to the sarying jdnlily of the microbes to produce penicillinase 
of penieillin-inaclivalor. As regards the slapiiylucoeci vS’. E. Liirut 
nOlG) claims to have .sh<jwn that the amount ot the inoculum is of 
significance for the titration of penicillin resistance when the strains 
form penicillinase, but is of no importance in case ot the strains which 
<!o not produce penicillina.se, 'I'lie difference in the results ot our titra- 
tions slnmld therefore be due tlie production of large qiiautilics ot 
peJiicitliiiase by Proteus njorgani, while Proteus vulgaris has no such 
pouer of i)roducing a penicillin-iuaclivatijig enzyme. As already 
mentioned, Arnetlo Bondi and Cnlherinc Dietz (1914) lound that B. 
paracoli produces penicillinase, w'liile Proteus vulgaris has not that 
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Table 2. 


Titration of penicillin resistance with different inocula. Proteus v 


morgani. 


Dilution 
of bouillon 
culture 



Table 3. 

Titration of penicillin resistance with different inocula. Escherichia coli. 
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property. We have been able to confirm Ibis observation. Meanwhile, 
if we examine the results of titration of Esclierichia coli it is seen it 
gives equally high degrees of resistance to penicillin, irrespective of 
the quantitj' of inoculum used. Nevertheless it was found that this 
bacterium produced large quantities of penicillinase. Thus it seems as 
if the varying abilitj' of the microbes to produce the penicillin- 
destroying enzyme docs not solve the problem of the importance of 
the inoculum for determination of penicillin resistance. 'Hiis finding 
can possibly he compared with the fact that a microbe may be very 
sensitive to penicillin and yet produce penicillinase in abundance. This 
applies, for instance, to the Bacillus subtilis. The varying degree of 
resistance to penicillin shown by the bacteria is thus not solely de- 
pendent on their having the ability to produce penicillinase. 

We also carried out a number of experiments in order to investigate 
the power of the various bacteria to form penicillinase. It was of 
especial interest to obtain filtrates containing the penicillin inactivator. 
We worked chiefly with a single strain of the Proteus morgani. Bouil- 
lon-cultures 7 seven days old were centrifuged and then passed through 
a Chamberland filter. Titration of the inactivator in the filtered bouil- 
lon-culture was carried out in the following manner: Two series of 
tubes, each containing % ml of bouillon, wxre employed, and the peni- 
cillin was diluted in the same way as for titration of the penicillin 
resistance. To each tube in the first series was added V 2 ml of filtrate 
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and to each tube in the second series Va ml or ordinary bouillon The 
latter series served for control. To all tbe tubes in both scries was 
then added a staphylococcal culture in a dilution of 1/100000, likewise 
here % ml to each tube. The staphylococcal strain employed was 
highly sensitive to penicillin. Thereupon followed incubation for 20 
hours at 37® C. In one of the tests with the above-mentioned strain of 
Proteus morgani it was found that % ml of filtrate inactivated 100 
units of penicillin. Meanwhile, the results varied greatly. The varia- 
tions were, in our opinion, so great that they could hardly be attributed 
to irregularities in technique, since the experimental conditions were 
all the time the same. 

A more exact examination of the production of penicillinase in 
our Proteus morgani strain was therefore made. For this purpose 
were prepared agar-plates containing penicillin in different concen- 
trations as well as a penicillin-sensitive staphylococcus strain. Both 
the penicillin and the staphylococci were added to the fluid agar at 
45® C, whereupon the agar was at once poured out on dishes and 
cooled down to 4® C. To 100 ml of agar there was added 1 ml of a 
20-hour culture of staphylococci in ordinary bouillon, and the penicil- 
lin concentration was just sufficiently strong to prevent growth of the 
staphylococci at 37° C. 

The Morgan strain were now spread out on these plates and then 
incubated. Originally it was intended to investigate whether the se- 
parate colonies showed equal power of producing penicillinase. It was, 
however, not found possible in this manner to ascertain whether such 
was this case. The individual colonies of Proteus morgani did not 
produce sufficient penicillinase to neutralize the effect of the penicillin 
in their immediate vicinity. We therefore proceeded to inoculate in 
depots in such manner that one colony from each original dish formed 
a depot. As a rule four colonies w’ere inoculated on each agar-plate 
containing penicillin and staphylococci, so that after incubation there 
came growth from four depots. Often after 24 hours’ incubation, but 
regularly after 48 hours, there could now be observed growdh of 
staphylococcus colonies beneath and around the depots of Proteus 
morgani, as an indication that the effect of the penicillin had here 
been neutralized or weakened. After a long series of experiments wdth 
our Proteus morgani strain we succeeded in proving that the peni- 
cillin-inactivating substance was produced in unequal quantities from 
the different depots. In some individual cases this wms striklingly 
evident, seeing that on the same plate there might come abundant 
growth of staphylococci under and around a depot of Proteus morgani, 
wdiile one or more other depots w’ere incapable of neutralizing the ef- 
fect of the penicillin, and here there came no growdh of staphylococci. 
The conclusion to be drawm from these experiments would then seem 
to be that the individual cells or the individual groups of cells produced 
the penicillin-inactivator in varying quantities. This should then at 
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any rate partly explain the irregularities that arose during our attempts 
to produce penicillinase by filtration of bouillon cultures. We are quite 
aware that the technique adopted in these experiments is rather in- 
exact. It is especially important in such investigations that the in- 
dividual depots shall be of the same size and that they shall grow up 
with the same rapidity. We believe we have paid sufficient regard to 
these points. The pow'er of producing penicillinase varied greatly. Thus 
on inoculation from penicillinase-negative depots there came in most 
cases growth of penicillinase-producing depots. The reverse situation 
might also be observed. The most natural explanation would be that 
there were split off dissociation forms, some with and some without 
the power of forming the penicillin-inactivating enzyme. The methods 
of investigation, however, were, as we have said, not very exact and 
we cannot disregard the possibility that a certain number of cells, for 
example, in a penicillinase-negative depot, may have been capable of 
forming penicillinase, even if this fact could not he noted by means 
of our penicillin staphylococcus agar plates. 


Siimmarif. 


1. Penicitlin sensitivity w’as investigated in 10 strains of Proteus vul- 
garis, 10 strains of Proteus morgani, 23 strains of Escherichia coli 
and 10 strains of coliform bacteria. Proteus vulgaris was relatively 
sensitive, while Proteus morgani was highly resistant to penicillin, 
Escherichia coli and the coliform microbes occupied an intermediate 
position. 

2. On titration of the penicillin sensitivity in some strains it was 
found that the amount of the inoculum was of great importance as 
regards Proteus morgani, whereas it was without significance for 
the titration of Proteus vulgaris and Escherichia coli. 

3. It was natural to associate the importance of the inoculum for the 
titration with the varying ability of the microbes to produce peni- 
cillinase, seeing that Proteus morgani formed large quantities of 
penicillinase, whereas the Proteus vulgaris did not produce that 
enzyme. Titration of the Escherichia coli showed, how’ever, that also 
for this microbe, which produced penicillinase in abundance, the 
amount of inoculum used was without any influence on the result 
of the titration. 


4. It was found that Proteus morgani split off cells or groups of cells 
with unequal power of producing penicillinase. Some cells produced 
penicillinase in abundance, while others seemed to produce none or 
else only small quantities. Meanwhile, the methods of investigation 
employed were not very exact, and this fact reduces in some degree 
the valnes of the experiments. 
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OBSERVATIONS ON EXPERIMENTAL DENTAL CARIES 

THE EFFECT OF PURIFIED RATIONS WITH, AND WITHOUT 

DIETARY FAT 

By Humberto Granados, Johannes Glavind and Hcnril: Dam. 

(Received for publication November Mtb, 1947). 

Among the animals previously used for the study of experimental 
caries, the monkey has been shown to be particularly well-suited 
(Granados, 1944; Shaw, Elvehjem and Phillips, 1945). However, its 
high cost limits very much its use at the present time. On the other 
hand, the Syrian hamster, a less expensive animal, lias been found 
to possess definite advantages over the rat for the study of experi- 
mental caries (Arnold, 1942). 

In the literature there appear some observations related to the 
effect of dietary fat upon the incidence of caries. In humans, Boyd 
(1926) and Boyd and Drain (1928) have observed a definite arrest 
of caries progress in diabetic children after being submitted for some 
time to a diabetes-controlling diet, which differs from the usual ade- 
quate diet for a normal child in that fat, instead of carbohydrate is 
used as the main source of energy. All children had been maintained 
on the same ratio of protein-carbohydrate-fat: 7:9:21. Mcllanby 
(1934), studying in children the effect of supplements of vitamin D 
upon the incidence of dental caries, observed that olive oil, a fat which 
scarcely contains any known vitamin, when given instead of cod liver 
oil, also offered a partial protection against tooth decay. Rosebury 
and Karshan (1939 a), on the other hand, found no correlation between 
the high fat content of the primitive Eskimo diet and the freedom from 
caries which these people exhibit. In rats, the latter workers (1935, 
1939 b), studying the influence of vitamin D and fats on caries inci- 
dence, observed that corn oil produced the same significant reduction 
in carious lesions when it was incorporated in the diet alone, or 
when it was fed as a vitamin D-corn oil. Olive oil, cotton seed oil, 
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and lard were as effective as corn oil in decreasing the caries inci- 
dence. Schweigert, Shaw, Zepplin and Elvehjem (1946), and Schwei- 
gert, Potts, Shaw, Zepplin and Phillips (1946), studying the effect 
of protein, fat and carbohydrate on the incidence of carious lesions 
in the Cotton Rat, have observed a progressive reduction of caries 
incidence and extent when increasing amounts of the dietary sugar 
were replaced by lard. Since in the hamster there has been no ob- 
servations on this subject, that can be taken into consideration for 
further experiments, and having chosen this animal to carry out 
certain studies on experimental caries^), we report here the effect of 
purified diets with, and without dietary fat. 


Experimental. 

Twenty-eight hamsters between 22 and 25 days of age, from 5 
litters of the stock colony maintained on a diet of Purina Laboratory 
Chow”) and raw milk, were litter mate distributed into 2 groups of 
14 animals each (7 males and 7 females). The animals were marked, 
set in screen bottom cages without bedding, and reared for 105 days on 
the following rations. Group 1 (fat-free diet) : casein (gasoline-ex- 
tracted) 221 g; confectionery sugar 730 g; salt mixture®) 40 g; choline 
chloride 4 g. The vitamins were supplied, for each Kilo of diet, as fol- 
lows: p-aminobenzoic acid 1 g; inositol 1 g; thiamin hydrochloride 
0.050 g; riboflaxnn 0.050 g; pyridoxine 0.050 g; calcium pentothenate 
0.050 g; nicotinic acid 0.075 g; folic acid 0.004 g; biotin 0.0002 g; 
vitamin K (Synkayvite) 0.030 g; vitamin E (, l-cc-tocopherol acetate) 
0.050 g; and ascorbic acid 0.200 g. Group 2 (fat-containing diet) : 93 % 
of the diet fed to Group 1 mixed with 7 % lard. Each animal of both 
groups received 2 drops xveekly of a solution of vitamins A and D in 
oleic acid, containing 22.000 I. U. of A, and 320 I. U. of D per g. The 
diets as well as tap water were available ad libitum, and the animals 
were weighed every week. These experiments were carried out between 
the months of April and August. 

On completion of the experimental period the animals were sa- 
crified and autopsy was performed on all of them. After fixation in 
10 % formalin the jaxvs xvere washed, stripped of soft tissue and 
dried. The teeth were then examined under a loxv-power dissecting mi- 
croscopy (X 15), and the gross, unquestionable, carious lesions were 
charted and scored using Keyes’ method (Keyes, 1944). 


^) Two of us (Granados and Dam) begun such studies in 1915, while 
at the University of Rochester School of Medicine and Dentistry, Rochester, 
X. Y., U. S. A. 

-) From Ralston Purina Company, St. Louis, Mo., U. S. A. 

®) The salt mixture used was McCollum’s Salt Mixture No. 185, supple- 
mented with 13,5 mg KI, 139 mg CuSO^, oB^O, and 556 mg MnSO^, IHjO per 

100 g. 
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Results. 

Tiic animals from group 1 cxhibilcd a pronounced dryness of Ihc 
fur and skin, with scaly appearance of Ihc latter. These changes were 
apparently associated with a deficiency of essential unsaturated fatty 
acids. Likewise, the fat depots were exceedingly reduced, as compared 
with those of the animals from group 2. Figure 1 shows the growth 
curves of the two groups. Group 1 (fat-free diet) exhibits a marked 
decrease of growth rate. 



/•'<£/. /. 


TtibU' /. 

Cnric.s incidi’iin* in the two f^rnups. 


.Number of Experi- 
mental .•\nimnl.s .. . To” o' 7 

Groui» 

Q $ 7 

.Number of .-tnimnls 

Affected 7 

4 

Number of Carious 

Molars ;!() 

.‘it 

.Average Number of 

Carious Molar.s .. 

■t.J'O 

Number of Cariou.s 

Lesions ;)S 

;i9 

Average Number of 

Carious Lesions .. 5.12 

5.57 

Average Scores of 

Carious Le.sions .. 0.591 

0.9(51 


-•-79 9 

f 0 

(iroup *2 

7 9 9 -q: 

-f-r7 9 9 

11 

7 

(5 

19 

70 

29 

2.'5 

.52 

.5.00 

l.M 

9.28 

9,70 

4 7 

:!:5 

29 

.50 

5..50 

1.71 

9.28 

1.00 

0.778 

0.7.58 

0.192 

0.C2G 
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Upon observation of the fresh appearance of the oral mucosa no 
gross -changes were encountered in either group. Materia alba-like ac- 
cumulations, not associated with caries, were observed on most molars 
in all the animals of both groups. Likewise, a yellow-brown stain of 
the enamel .cuticle, unrelated to caries activity, was found on all sur- 
faces of most molars in both experimental groups. This stain seemed 
similar to that found hy Keyes (1946). 

Both diets induced a very low incidence of caries. All the lesions, 
with a few exceptions in some grooves, were encountered in the oc- 
clusal fossae. The smooth surfaces were consistently unafected. The 
lesions were of a penetrating type, reaching in many instances the 
pulp, wnth only little of surface destruction. Comparing the caries in- 
cidence in the two groups (Table 1), lower figures are found in group 
2. Comparing the caries activity in the two jaws (Table 2), in both 
groups the greater incidence and extent of lesions are found in the 


Table 2. 

Caries incidence in individual molars. 



Molar 


Group 1 



Group 2 



teeth 

cfcf 

9 9 d’cf+9 9 

c?c? 

99 c?cf+9? 


Maxillary 








1st 

42.8 

50.0 

46.4 

21.4 

7.1 

14.3 


2nd 

78.6 

64.3 

71.4 

85.7 

50.0 

67.8 


3rd 

64.3 

71.4 

67.8 

78.6 

78.6 

78.6 

Percentage of 








Molars affected 

Mandib. 








1st 

0 

0 

0 

0 

0 

0 


2nd 

28.6 

7.1 

17.1 

7.1 

0 

3.6 


3rd 

42.8 

50.0 

46.4 

14.3 

28.6 

21.4 


Maxillary 








1st 

57.1 

50.0 

53.6 

21.4 

7.1 

14.3 


2nd 

78.6 

64.3 

71.4 

100.0 

50.0 

75.0 

Average 

3rd 

64.3 

92.9 

78.6 

92.9 

78.6 

85.7 

Percentage of 








Carious Lesions 

Mandib. 








1st 

0 

0 

0 

0 

0 

u 


2nd 

28.6 

7.1 

17.9 

7.1 

0 

3.6 


3rd 

42.8 

64.3 

53.6 

14.3 

28.6 

21.4 


Maxillary 








1st 

0.595 

0.661 

0.628 

0.265 

0.066 

0.165 


2nd 

0.967 

1.116 

1.042 

1.711 

0.814 

1.265 

Average Scores 

3rd 

1.181 

3.740 

2.461 

2.760 

2.165 

2.461 

of Carious 








Lesions 

Mandib. 








1st 

0 

0 

0 

0 

0 

0 


2nd 

0.298 

0.074 

0.186 

0.074 

0 

0.037 


3rd 

0.670 

0.893 

0.781 

0.298 

0.372 

0.335 


maxilla. This agrees with previous findings by Dale, Lazansky and 
Keyes (1944), and Orland (1946 a). Comparing the caries activity as 
found in individual molars. Table 2 shows, further; that the greatest 
incidence and extent of lesions were found in the 3rd molars of both 
jaws, the 1st molars being the least involved. A striking feature was 
the complete absence of caries in the 1st mandibular molars of all 
the animals in both groups. Tables 1 and 2 also show tlnat no sex 
difference was consistently found in relation to caries acti\ity. 


Discussion. 

Up to the present, in the reported studies on dental caries in 
hamsters, the cariogcnic diets used, with one exception, have been 
mixtures of natural food-stiiffs. On the other hand, the use of purified 
cariogenic diets has the advantage that it makes it possible to ascer- 
tain more clearly the influence of certain components of a diet. In our 
previous studies on dental caries in hamsters, while at the University 
of Rochester (1945), we observed high incidence of caries induced by 
purified rations'). However, in this country similar diets, such as those 
used in the present study, have proved of a low cariogenic power. 
Certain physical or chemical differences should account for these 
variations: previous treatments of the caseins and difference in the 
size of their granules; components of the salt and vitamin mixtures, 
and kinds of sugars and fats'"’). 

Orland (1946 h), working with purified rations containing 10% 
hydrogenated vegetable oil, also obtained caries scores appreciably 
higher than those shown here (Table 1) for any of the two groups. His 
diets I and VHI arc comparable, in general, with the fat-containing ra- 
tion of this report. However, certain differences are apparent: previous 
treatments of the caseins, kinds of fats, components of the salt mix- 
tures, and presence of ascorbic and folic acids in the diets used in 
the present studies. It should prove important to know the mechanism 
whereby such, or other less apparent, differences made the diets used 
in the present experiments less cariogenic. It .should he mentioned that 
in the diets used by Orland the source of fat was vegetable oil sub- 
mitted to hydrogenation, a process which annuls the unsaturated fatty 
acids. It is well known that oleic and linoleic acids arc constantlv' 


■') Tlic composition of the diet previously used was as follows: SM/VCO 

(chemicnlly pure) GOO g; salt mixture 
(U. b. P MI) 40 g; chohne chloride 0,50 g; Corn oil 50 g. The vitamins were 
supphed, for each Kilo of diet, ns follows; thiamin hydrochloride 50 me; 
uboflaMii oO mg; calcium pnntofhenate 50 mg; pyridoxiiic 50 mg; nicotinic 
P-‘™i»okcnzoatc 100 mg; Inositol 100 mg; biotin 0,4 mg; 
m PAAi? ^ .(Syn^ayvitc) 10 mg. Two drops of Halivor oil were given weekly 
water was available ad libitum. 

) The possibility of a protective action of the water due to its IiIeIi fluorine 

c.r ; ron); .tr, 
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found in lard, as well as in most fats; these unsaturated fatty acids 
have been shown to exert, in some instances, definite inhibitory action 
on the growth and lactic acid production of certain microorganisms, 
some of them commonly found in the mouth (Kodicek and Worden' 
1944, 1945; Bergstrom, Theorell and Davide, 1946; Hirsch, 1947). Oii 
the other hand, other investigators (Dubos, 1946; Hutchings and Bog- 
giano, 1947; Williams, Broquist and Snell, 1947) have reported that 
oleic acid and related compounds are growdh factors for certain 
bacteria also generally found in the oral cavity. Thus, as to the signi- 
ficance of oleic and linoleic acids in relation to any inhibitory action 
of fats in dental caries, nothing can be said with certainty at the 
present time. 

The partial protection against caries induced by the fat-containing 
diet, under the conditions of our experiment, was of a low statistical 
significance. 

The fact that Group 2 exhibited a better growth (Fig. 1), con- 
comitant with lower caries activity (Table 1), could point to an ex- 
planation of the protective role of lard in dental caries through its 
general nutritional xmlue as a fat. However, the clinical and experi- 
mental observations on this subject are very contradictory. Pointing 
to a local effect, McCollum, Orent-Keiles and Day (1939), and Rose- 
bury and Karshan (1936 b) have suggested that free fat may exert 
a lubricating action, preventing food impaction, or may coat both food 
particles and adjacent tooth surfaces with a non-aqueous film, which 
forms a hindrance to the penetration of enzymes into the particles, 
or affording protection of the enamel against the acids derived from 
carbohydrate fermentation. 


Summary. 

Two groups of young hamsters were reared for 105 days on purified 
diets with, and without lard. In agreement with the reports of other 
inxmstigators working with rats, the hamsters receiving the fat-con- 
taining ration showed a lower incidence and extent of carious lesions, 
though the differences xvere of low statistical significance. The group 
fed the lard-containing diet exhibited a healthier appearance and a 
higher growth rate than that reared on the fat-free ration. 
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• Introduction. 

In continuation of previous works (1931, 1938, 1938, 1941) the 
writer has extended his studies on the preparation of the purified 
antitoxins, partly for the purpose of obtaining an increased effect of 
the antitoxin, partly to abolish the noxious by-effects due to super- 
fluous protein content of the antitoxin. 

The method described in the following for the preparation of puri- 
fied antitoxins is based on experiences gathered by the writer in ex- 
periments on purification of various native products by means of 
adsorption — including purification of the antitoxin in diphtherial 
sera by their adsorption on aluminium hydroxide gel. The experiment 
showed that aluminium hydroxide gel adsorbs the serum protein as 
a whole, and that the adsorption thus does not involve any shifts in 
the ratio of antitoxin/protein. 

A few diphtherial sera in which there had been bacterial growth 
— among others, of Bac. pyocyaneus — deviated in the way of their 
adsorption, the unspecific protein being adsorbed in preference to 
the antitoxin-carrying protein. Thus the adsorption implied a certain 
purification of the antitoxin. Subsequent experiments were carried 
out with exposure of diphtherial sera to the action of bacterial pro- 
teinases and simultaneous proteolysis with pepsin, trypsin and papain 
prior to the adsorption. 

The various enzymes had a more or less pronounced effect on 
the proteins in the diphtherial serum similar to that of the bacterial 
growth. The selective adsorption of unspecific proteins was obtained, 
implying thus a purification of the diphtherial antitoxin. 

Adsorption of dilute diphtherial serum that had been exposed 
to the action of pepsin in acid fluid proved to give more promising 
results than adsorption after exposure to other proteolytic enzymes. 
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So in the following studies pepsin was used exclusively for Proteo- 
lysis of the serum prior to the adsorption. At a temperature of 20 
the antitoxins in dilute sera are relatively stable in an acid milieu. Thus 
the antitoxins hre able to stand an acidity of pH = 3.20 as the lower 
limit. Even at pH = 3.10 the antitoxin weakens rapidly and incon- 
siderably. 

When dilute diphtherial serum is acidified to pH 3.20 and then 
a suitable amount of pepsin is added, the following proteolysis mani- 
fests itself noticeably in a gradually progressive shortening of the 
flocculation time — when the diphtherial antitoxin is assayed in vitro 
after Ramon’s method — until, as a rule after 12 hours, it reaches 
a constant minimal value. (At the same time there is a shift between 
the flocculation titer and the titer obtained in vivo, the former being 
reduced by 10 — 20 %). Shortening of the flocculation time is accom- 
panied by liberation of the antitoxin-carrying protein from the un- 
specific concomitant proteins, which makes it possible to remove the 
latter by adsorption. When the flocculation time for the diphtherial 
antitoxin has reached its constant low value, the conditions for re- 
moval of the unspecific serum protein arc the best possible in the 
individual cases. 

In the following a survey will be given of how the writer employs 
the above-mentioned observations for practical purification of anti- 
toxins. 


Removal of Antiproieolijtic Serum Factors. 


The proteolytic action of pepsin in antitoxic sera is inhibited in 
a higher or lesser degree by certain substances present in the serum 
— as was mentioned frequently in the older literature. Occasionally 
this inhibition may be so marked that quantities of pepsin generally 
giving pronounced proteolysis now become practically without any 
effect. In such cases, therefore, the amount of pepsin added had to be 
increased in order to obtain proteolysis, and this increased addition 
of pepsin led to destruction of a smaller or greater part of the anti- 
toxin. 


So the antiproteolytic factors had to bo removed, and this was 
attempted in various ways: by filtration through activated charcoal, 
by fractionated salting, by extraction with various solvents, and by 
precipitation with alcohol at a low temperature. Several of these 
treatments had a somewhat favorable effect, but far better results 
are obtained by addition of a suitable amount of bentonite to dilute 
serum. The strong precipitate of coagulation products then contains, 
esides remnants of fibrin and euglobulin, also cholesterol and lipoids. 

w T of precipitate, the supernatant fluid is clear as 

^^ater. At any rate, it is rid of antiproteolytic factors. 

Bentonite (montmorillioiiite) is obtained commercially as a 
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greyish-yellow powder with a particle size of about 200 micro u. On 
stirring with distilled water, bentonite forms a stable sol which on 
addition of electrolyte changes into a gel with pronounced thixotropic 
properties. If an excess of electrolyte is added to the sol, an irreversible 
coagulum is formed. On addition of a solution of fibrinogen or cu- 
globulin to bentonite sol, a mutual coagulation results. The coagulation 
product precipitates spontaneously. If, conversely, a suitable amount 
of hentonite sot is added to freshly withdrawn blood, the fibrinogen 
content of the blood coagulates together with a large part of the eu- 
globulin. In their precipitating, the clotting products adsorb a greater 
part of the lipoid content of the blood. 

In the course of the present work there has been occasion to com- 
pare the effect of a number of different bentonite samples, and the 
most suitable for this particular purpose was found to be a commer- 
cial produkt from U. S. A, This substance, which hitherto has been 
used exclusively' in the preparation of antitoxins is composed as 
follows : 


Si 0, 

49.56 

% 

Ti 0^ 

0.40 

% 

A1 ,03 

15.10 

% 

FeA 

3.03 

% 

MnO 

0.01 

% 

CaO 

1.10 

% 

MgO 

7.80 

% 

H„0 

23.00 

% 


Invariably an aqueous sol is employed that coniains 2 % bentonite. 
The sol may be prepared by stirring the bentonite in a dish under 
gradual addition of water. But it is better to employ a stirring ma- 
chine, and then the distilled water is first poured into the dish where- 
after — under stirring — the powder is shaken out on the surface 
of the water. The stirring is continued for 2 hours. The sol is auto- 
claved for 30 min. at 12P (the autoclaving costs about 30 % increase 
in the activity). After cooling and replacement (by weight) of the 
water evaporated on autoclaving, the sol is ready for use. On standing, 
a sediment is formed that has to be stirred up before using. The sol 
keeps indefinitely when it is stored in bottles of resistant glass. 

The amounts of bentonite sol required for precipitation of the 
antiproteolytic factors of a serum vary from one serum to another. 
As an excess of sol beyond the precipitation limit brings about a loss 
in antitoxin and thus should be avoided, it is necessary to titrate 
the individual serum. For this titration, the dilute serum is distributed 
on a series of test tubes, to which bentonite sol is added in increasing 
amounts. In one of the tubes a marked flocculation will appear within 
some minutes, and from the amount of bentonite sol in this tube 
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then the amount required for precipitation of Hie mam portion is 
calculated. When the precipitation with bentonite sol is performed 
in the proper proportion, it gives practically no loss of antitoxin. 

A general survey of the procedure adopted for the preparation ot 
purified antitoxins is given in Fig. 1. 

Blood 

1 

Buffer solution 
(acelate-laclate) 

HCl >■ pH 5.5 

i 

Bentonite >- Fibrincoagiilalion 

Centrifuging, centrifugate 

HCl, pH 3,20 \ 20° C. 

Pepsin / 

I 

Neutralization 
NaOH, pH 6,5 

i 

Adsorption 

Aluminium hydroxyde, centrifugate 

Y 

Ullrariltration 
4'’/o Collodion nicnibrane 

I 

Sailing out 

(NH 4 )oS 04 , 55®/o saturation 

I 

Filler press 

Dialysis 
Fig. i. 

Diagrammatic survey of the procedure for preparation of 
purified antitoxin. 


Materials, Apparatus and General Procedure. 

1. Bleeding. 

In the preparation of purified antitoxin it is of the greatest im- 
portance to the final yield that the antitoxin-carrying protein is ob- 
tained m the greatest possible yield and in a form unaffected by the 
bleeding. These requirements are not met satisfactorily by the me- 
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thod commonly employed for the preparation of the serum. After 
this method, as is well known the withdrawn blood is left standing 
for clotting whereafter the serum is separated by synaresis of the 
clot. (By extraction of the pressed clot (waste product in the pre- 
paration of antidiphtherial serum) the writer was able to recover an 
amount of antitoxin of 10 — 15 % of the serum corresponding to the 
clot.) 

In contrast hereto, the bleeding gives a quantitative yield of anti- 
toxin, when the blood is withdrawn under employment of bentonite 
sol as fibrinogen-precipitating adjuvant. 

On addition of bentonite sol to freshly withdrawn blood the fi- 
brinogen coagulates spontaneously as tiny particules. Thus the clotting 
of the blood is prevented at the same time as the blood serum is rid 
of its antiproteolytic factors. 

The coagulation products together with the blood corpuscles may 
be removed from the dilute serum by centrifuging immediately after 
the addition of bentonite sol to the diluted blood. The centrifugate 
forms a good starting material for the preparation 'of purified anti- 
toxins. Usually 8 liters of blood is withdrawn from each horse. 

Before the bleeding the following reagents are made up for each 
8 liter: 

1. Buffer solution: 130 cc. 80 % lactic acid 

155 g. sodium acetate 
52 « sodium hydroxide 
125 « sodium chloride. 

The salts are dissolved in distilled wmter, and the volume is made 
up to 22 liters. Then the acidity is adjusted to pH 5.5. 

The solution is poured into 40-liter aluminium containers that 
were sterilized by autoclaving and cooling. 

2. Hydrochloric acid: 450 cc, n/l HCl diluted to 500 cc. with di- 
stilled water. 

3. Bentonite sol: 1280 cc. 2 % bentonite sol. 

When the blood is to be withdrawn, a' bucket containing the buffer 
solution is placed on a scale in a room adjoining the bleeding room. 
From the cervical Amin of the horse the blood is quickly led through 
a tube placed in the wall to the bucket containing the buffer solution 
until the contents of the bucket Aveigh 8480 g., corresponding to 8 1. 
blood. As a rule, it takes 4 minutes to AvithdraAV this amount of blood. 

Then, under cautious stirring the hydrochloric ’acid is added, 
bringing the acidity of the mixture up to pH 5.5, and then the ben- 
tonite sol is added at once. The entire process from the commence- 
ment of the bleeding to the end of the bentonite sol addition lakes 
about 6 min. 
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At the bleeding the blood is collected from a group of hoi’ses ^yith 
nearly the same antitoxin content. Thus the horses immunized 
against diphtheria are divided into groups with a serum tiler of 
300 A. U. per cc., groups with a scrum titer of 500 A. U. per cc., other 
groups with the titer of 800 A. U., and so on. 

Tile contents of the bleeding buckets from such a group of hoiscs 
are mixed in a container from which it is led to a separator centrifuge 
(manufactured by »Titan<!:, 6000 revolutions per min.) which se- 
parates the serum protein solution from the heavier fluid made up 
of the bentonite fibrin coagulation product and blood corpuscles. 

The serum protein solution is still a little opeque. Its final clearing 
is obtained by repeated precipitation with bentonite sol. 

Portions of 10 cc. centrifugate arc transferred by pipette to a 
series of 12 test tubes, to which distilled water then is added in 
amounts of from 11 to 0 cc., and finally dilute bentonite sol (1 + 9) 
in distilled water is added in amounts increasing from 1 cc. to 12 cc. 
Thus the total amount in each lube will he 22 cc. After cautious 
mixing and standing for some minutes, one of the lubes will show 
a marked flocculation, in which sedimentation of the floccules leaves 
a clear supernatant fluid. 

Tlien the main portion is precipitated with the calculated amount 
of bentonite sol. (If, for instance, the flocculation in the tube 4 was 
found to correspond to 4 % bentonite sol, and if the main portion 
amounts, for instance, to 500 liters, the precipitation is performed 
with 20 1. bentonite sol.) For addition to the main portion, the bento- 
nite sol is finely atomized on the surface of the fluid while this is 
being stirred vigorously. 

After standing for 10 min., the coagulation product is removed 
from the fluid by centrifuging (with employment of the same »Tilan« 
separator as above). 


2. Proteolijsis. 

The clear centrifugate from the second bentonite precipitation is 
led up into a container of stainless steel, in which the fluid is acidified 
to pH 3.20, the required amount of n/2 HCI being added under vi- 
gorous mechanic stirring. 

The hydrogen ion concentration is measured with glass electrode 
The comparative fluid is a solution consisting of 

glycocoll 1 g.^ 

glacial acetic acid 99 % 2 cc., 

distilled water q. s. ad 100 cc. 

This buffer solution has pH 3.28. 

Simultaneously with the acid, the calculated amount of pcnsin 
soluLon .s added. The latter ia calculated a„ that the pepsin cS"l 
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of the proteolytic fluid corresponds to 2 U. S. P. units of pepsin per cc 
(It, tor instance, a standard pepsin solution is employed with 1:600 

volume of the given proteolytic fluid is 
bOO liters, 2000 cc. pepsin standard solution will have to be employed ) 

The proteolysis takes place at 200. Still, deviations of + 1« are 
safe; and as in our manufacturing rooms the temperature most often 
is 20“, it happens hut seldom that the incubator has to be employed 
for this purpose. 

In the first 60 min. of the proteolyzing' period a minor shift of 
pH takes place in the proteolytic fluid. Therefore a pH = 3.20 is again 
established by addition of hydrochloric acid. From now on the acidity 
of the fluid keeps unchanged, arid any further pH control in the 
course of the proteolysis is superfluous. After 18 hours the proteolysis 
is interrupted by adding, under vigorous mechanical stirring NaOH 
sufficient to give the proteolytic mixture an acidity of pH = 6.5. (This 
neutralization has to be carried out very cautiously, as antitoxins are 
very sensitive to alkali.) 


Pepsin. 

In the first years the proteolysis in antitoxin preparation was 
carried out most often with pepsin from Parke Dawis & Co., which 
gave very satisfactory results. When the world war broke out in 1939 
%ve had to employ pepsin from various other sources, which was as- 
sociated -with a good deal of trouble. For one thing, the activity of 
the pepsin wms rarely in conformity with the declaration, and some- 
times the received preparations possessed no activity whatever, or 
they contained large amounts of mucin that had to be removed be- 
fore using the pepsin. Besides, sometimes the pepsin might contain 
impurities that would have a destructive effect on the antitoxin. In 
some cases, for instance, the pepsin preparations wmre demonstrated 
to contain heavy metal salts, and in one instance the pepsin was 
found to contain an impurity consisting of a protein with pronounced 
anaphylactogenic properties. 

These experiences illustrate the necessity of caution in employ- 
ment of commercial pepsin for this particular purpose. Thus we found 
that in the preparation of purified antitoxin it w'ould be safest our- 
selves to prepare the pepsin required for this purpose, and, by doing 
this, in recent years w^e have had no difficulties of this character. At 
short intervals xve still prepare a relatively small portion of pepsin 
solution from fresh swine stomachs. Thus the pepsin here employed 
is never more than a few' months old. 

Example of preparation of pepsin: 

250 kg. fresh sw'ine stomach are freed from mucus by scraping 
without w'ashing, the fundus region of each stomach is cut out and 
the mucous membrane here is pulled off. This gives a total yield o 
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about 30 kg. fundus mucosa, which is placed in a cylindric jar of 
larlhenwar?, with a capacity of 50 liters, ^l-.-ntent of the jays 
worked by a strong mechanical, stirring contrivance. The follo^^^ng 
solution is worked into the mass: 


Crystalline secondary sodium phosphate 500 g. 

Concentrated hydrochloric acid 600 cc 

Water ad 


This mass is left standing at room temperature under continuous 
mechanical stirring with control examination of its acidity at suitable 
intervals, which gradually is brought down to pH ca. 2 by addition 
of hydrochloric acid and shown in the following example: 


29/5, at 13,45: Working up of fundus membranes as described. 

' « 14,45: pH of mixture 3.15. Addition of 100 cc. cone. HCl. 



16,15: 

j. 

« 

« 


ioo. 

« « 

100 « « « 

« 

21,00: 

« 


« 

3.00. 

« « 

100 « « « 

30/5, « 

9,30: 

« 


« 

3.15. 

« « 

100 « « « 


10,30: 



« 

2.65. 

« « 

100 « « « 

« 

14,00: 


« 

« 

2.70. 

« « 

100 « « « 

« 

16,00: 

<C 

« 

« 

2.40. 

« « 

50 « « « 

« 

17,30: 


« 

« 

2.35. 

« « 

50 « « « 

« 

24,00: 

« 

« 

« 

2.40. 

« « 

100 « « « 

31/5, c 

8,30: 

« 

« 

« 

2.25. 

« « 

50 « « « 


9,00: 

« 

« 

« 

2.00. 

The jar is 

now transferred to 

a water-hath at 37 

0 

where it 

is left 

standing without stirring. 

31/5, at 16,00: 

pH of mixture 

1.95. 

(The mixture is now clear). 

1/6, « 

10,00: 

« 

« 

« 

2.20. 

Addition of 75 cc. cone. HCl. 

« 

21,00: 

« 

« 

« 

2.00. 



2/6, 

9,00: 

« 

« 

« 

2.05. 




16,00: 

« 

« 

« 

2.05. 

The mixture is cooled to 10", and 


its acidity lowered by addition of 400 cc. concentrated ammonia. Noav 
the mixture has pH = 3.20. The 45 kg. hydrolysate is evaporated in 
vacuum at 26" to 21 kg. 

The evaporation rest is placed in cellophane tubes and dialyzed 
against 300 1. tap water acidified with HCI to pH 3.20. The dialysis 
is continued for 48 hours, during which the dialysis -svater is changed 
5 times. The dialysate, 37 kg., is evaporated in vacuum to 14 kg. The 
evaporation rest is chilled to 0" and then, under vigorous stirring 
mixed with 9250 cc. acetone of -h 5®. The precipitated mixture is cen- 
trifuged. The clear centrifugate, 14500 cc. is freed from acetone by eva- 
poration in vacuum to 8000 cc. The stronglj’^ turbid evaporation rest 
is clarified by precipitation with bentonite sol after the precipitation 
limit has been established (which is performed by employment of the 
same technique as described under »Bleeding«, where the serum pro- 
tein solution was freed from its content of antiproteolytic factors by 



468 


precipitation with bentonite sol). For this titration the evaporation rc.f 
IS diluted 1 + 9 with distilled water, and the bentonite sol is diluted 
with 1 + 9 distilled water. In the above-mentioned preparation the 
flocculation in tube 4 was found to correspond to 40 % bentonite sol 

So 3200 cc. bentonite sol was added to the evaporation rest, 8000 
cc. The precipitated mixture was centrifuged. By cautious addition of 
ammonia the clear centrifugate was adjusted to pH 3.50 and finallv 
mixed with an equal volume (9800 cc.) of chemically pure glycerin. 
The finished preparation was sterile-filtered through Seitz E. K. 
plates. 

During the preparation the pepsin activity was controlled con- 
tinuously. 

In the preparation outlined above the following values were found 
for the pepsin activity: 


In autolysate after add. of ammonia, 1 :810 per cc. 
« dialysate 1:810 « « 

« evaporation rest aft. acetone add. 1 :2600 « « 

« centrifugate after bentonite add. 1 :1620 « « 

« finished product after filtration 1 :800 « « 


; total ca. 30.8 millions 
« « 29.2 « 

« « 20.8 « 

« « 15.9 « 

« « 15.7 « 


(The sample taken before addition of glycerin and evaporated to 
dryness after freezing showed an activity of 1 :18000 per g. dry matter.) 

The finished preparation is stored in refrigirator at 0®. Its activity 
is found to keep without any demonstrable weakening after 6 months’ 
storage. 

The pepsin activity after a method in which the acetone titration 
of amino acids given by Linderstrom-Lang is employed. As standard 
in the elaboration of the titration curve we have used a pepsin from 
Parke Davis & Co. and another pepsin from »Difco« with a guarantied 
strength of 1:3000 and 1:10000, respectively. 

The following solution are made up: 

1. Casein Substrate. — A casein solution is prepared in this way: 
6 g. casein, Hammersten is placed in a 100-cc. volumetric flask, and 
30 cc. distilled water is added; the flask is shaken thoroughly so that 
the casein becomes moist throughout. Then 36 cc. n/10 NaOH is added 
in small portions. After addition of 1 drop octylic alcohol and 2 drops 
toluene, the flask is left standing at room temperature, under fre- 
quent shaking. When all the casein is dissolved the flask is filled to 
the mark with distilled water. 

The solution is placed in refrigerator at + 2° and can be stored 
there for 1 — 2 months. 

The casein substrate is prepared in a glass as shown in Fig. I 
Into one branch of this glass, 25 cc. of the casein solution is transferred 
by pipette, while 4 cc. 0.63 n HCI is placed in the other branch. This 
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amount of acid will bring the casein solution to pH 2.15. For Ihe 
mixing of these components, by a quick movement lh.e casein solution 
is thrmvn over into the hydrochloric acid, and then the glass is shake 
energetically for 60 sec. 



Fid. 2. 

Glass for prcparalion of casein substrate. 


2. Pepsin Dilution. — The pepsin dilutions arc made up with 
distilled water that is acidified by adding 1 drop 80 % lactic acid 
to 2 liters distilled water. The degree of dilution is chosen so that 
1 cc. dilution will correspond from 0.3 to 1.2 pepsin units. 

3. Acetone with Dissolved Indicator. — For indicator under the 
titration we employ naphthyl red (henzolazo-a-naphlhylamine) of this 
dye, a solution is made of 0.1 g. in 100 cc. 96 % alcohol. Of this dye 
solution, 25 drops is added to 100 cc. acetone. 

For the analysis, calibrated test tubes of 12 cc. are employed — 
preferably tubes with a ground glass stopper (but also tight fitting 
corks may be employed). — 1 cc. of the pepsin solution is placed at 
the bottom of each tube. 

At the same time, 1 cc. casein substrate is placed in a parallel se- 
ries of lubes of 5 cc., paraffined inside. 

For each dcterminalion of the pepsin activity 5 sets of the two 
tubes are made ready; and 3 of these sets arc placed in a water-bath 
at 40®. After preliminary heating for 5 min. the first set of tubes arc 
started by pouring the substrate from the small paraffined tube into 
the tube containing the pepsin dilution. After strong shaking 
this tube is stoppered and put back into the water-bath at 40®. At in- 
tervals of exactly 60 sec. 3 sets of lubes are started in this way. The 
remaining two sets are used for controls in the tiltalion. They arc 

mixed, and 6 cc. acetone is added to each large lube immediately after 
the mixing. • 


Acta path. Vol. XXV, 4 
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Fig. 3. 

Titration curve for Pepsinactivity. 
Ordinate: n/40 HCl. 

Abscisse: U. S. P. Pepsin Units. 


Exactly 60 min. after the ipixture, the reaction tubes are removed 
from the water-bath, and 6 cc. acetone is added to each at intervals of 
60 sec. The color in the control tubes is reddish-orange, while in the 

reaction tubes it is entirely yellow. 

For the titration a burette is employed, divided in 0.02 cc. and 
containing n/40 HCl in 75 % C^HpH. From this burette so much of 
the acid is added to each of the reaction tubes that they have the 
same color as the controls, the change in color is estimated best 
when it is examined against a narrow slit of daylight. 

From the amount of n/40 HCl used to obtain this change m color 
the pepsin activity can be read directly on the titration curve. Fig. . 

(Example of measurement: The pepsin solution, prepared as 
described above, was measured in dilution 1:1000. For ^ ® ^ 

0.25 cc. n/40 HCl was used, corresponding to 0.8 pepsin unit. Th 
pepsin activity of the solution is 0.8 X 1000 = 1:800. 


Adsorption of Unspecific Protein. 

It is of the greatest importance to the outcome of the adsorption 
as well as to the most complete utilization of the adsorbent 

minium hydroxide - that the adsorbent and ^f^°"^''"/^^ 3 orbent 
properly. The writer has found it most expedient to ad . , 

by blowing it in atomized form over the surface o e pr > 

tdiile this at the same time is being stirred vigorously, so that the 
surface of the fluid is being renewed continuously. 

Generally the adsorption is performed in this way, t^^^e 

amount of adsorbent required is added ^ 

sorbent from the preceding step is removed before the next adcli 

of adsorbent takes place. 
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Naturally the addition of adsorbent in this way requires containers 
of considerable dimensions in order to provide a suitably large ac iv 
surface, and also to leave room for the large amounts of foam ap 
pearing in the first steps of the adsorption. As will be evident from 
Fig. 3 these containers are horizontal tanks of stainless steel provide 
with a stirrer and manhole, besides the handhole for introduction of 
the centrifugate as well as the atomized adsorbent. At the lo^yest part 
of the bottom of the tank there is an outlet. After the adsorbent has 
been added, the handhole is closed with a screw-cover, and by means 
of compressed air the adsorption mixture is then forced up through 
the centrifuge. 



Fig. 4. 

Adsorption plant (see the text). 


The centrifuge here employed is a so-called »rotojector« (from 
»Titan« Ltd.) a 3-phase separator, which is able to separate two 
fluids of different specific gravity, while the firm sediment is se- 
parated and removed from the centrifuge during its revolution. The 
sediment is evacuated by turning a single handle: the centrifuge then 
opens while rolling at a rate of 6200 revolutions. After it has slung 
off the sediment, the centrifuge closes again automatically. The cen- 
trifugate is led from the centrifuge over into the other tank, where 
a new portion of adsorbent is added, and then the centrifuging is 
repeated. In this way the adsorption is performed twice more. 

After the fourth adsorption the centrifugate becomes more clear, 
and a sample of it is withdrawn to see how much adsorbent has to be 
added at the 5’ adsorption in order to remove the unspecific protein 
still present in the centrifugate. The sample of centrifugate is di- 
stributed on flasks, 100 cc. in each. To these portions then adsorbent 
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IS added m increasing amounts: % cc., 1 cc., cc. and 2 cc In tho 
form of a fine jet (most efficiently through a needle of a hypodermic 
syrinp), while the fluid is being shaken. In the portion '4ere the 
addition of adsorbent has brought a complete adsorption of unspecific 
protein there will at once appear a marked flocculation of adsorbate 
leaving a water-clear supernatant fluid. When poured out on a hard 
filter paper (baryte paper), the fluid runs through just as clearly 
and rapidly as distilled water — in contrast to samples where the ad- 
sorbent is added in insufficient amounts (here the still remaining 
protein .will peptize the adsorbate, making the filtrate turbid). When 
thus it has been ascertained how much adsorbent is required for com- 
plete adsorption of unspecific protein in 100 cc., it is easy to calculate 
how' much adsorbent has to be used for the main portion. 

After this fifth and last adsorption the centrifugate is clear as 
wmter, even though in a relatively thick layer it often show's a slight 
opalescence of peptized adsorbate. 

To the following ultrafiltration it is highly important that the 
fluid is perfectly clear (an opeque filtrans would rapidly low'er the 
yielding capacity of the filter membrane), the adsorbed centrifugate 
is forced rapidly through a Seitz clearing filter. 

The amount of aluminium hydroxide required for the adsorption 
of various proteolysates is subject to wide variation. Thus diphtherial 
proteolysate wall generally require 20 — 25 % more adsorbent for the 
adsorption of unspecific protein than is required by corresponding 
amounts of tetanus or gas-gangrene proteolysate. 

But also variations in the adsorptive capacity of the aluminium 
hydroxide gel w'ill also manifest itself clearly in the course of the 
adsorption (this capacity is determined by the ability of the aluminium 
hydroxide gel to adsorb diphtherial toxin from a toxin broth, see 


below') . 

For the adsorption of unspecific protein from proteolysates, the 
w'riter has prepared tw’o modifications of aluminium hydroxide gel 
that are about equal as to their adsorptive capacity per g. AljOj. 


1. Aluminium Hydroxide Gel made from Ammonium Alan. 
The preparation of this gel is based chiefly on the technique given bj 
Willstatter and collaborators. Through a special process of stabdi- 
zation it is obtained in a form that keeps its adsorptive capacitj 
practically unchanged even on storage for years. Besides it stands 
autoclaving very well. This gel is also serviceable for the preparation 
of vaccine against diphtheria, tetanus, chicken pest, foot- and mouth- 
disease etc. It is manufactured and distributed by »Dansk Syovlsyre- 
& Superphosphatfabrik, Copenhagen^. This preparation contains from 
1.3 to 1.4 incineration rest; and its high adsorption capacitj is 
guarantied. 
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2 Aluminium Hydroxide Gel made from Aluminium Nitrat . 

Ill contrast to the preceding, this preparation is very easy to make 
in any laboratory. It is quite serviceable and adsorbent for unspeci i 
protein from serum proteolysates. But in contrast to the preceding 
aluminium hydroxide gel it is unsuitable for the preparation of vac- 


cine 

The precipitation of the preparation takes place in the apparatus 
shown in Fig. 5. 



Fig. 5. 

Apparatus for preparation of aluminium hydroxide gel. 

The apparatus consists of the precipitation vessel and ammonia 
developer. The precipitation vessel is an aluminium pot measuring 
36 cm. in diameter, 30 cm. in height. It is placed on a tripod and 
heated by a strong gas burner. This vessel is provided with a stirrer 
of stainless steel and a supply tube for ammonia. This tube, made of 
aluminium and shaped as a perforated ring, is placed on the bottom 
of the vessel ; it is connected with the tube from the ammonia deve- 
loper through a union. The precipitation vessel also contains a spiral 
tube of aluminium, through which cold water can he led for cooling 
of the reaction mixture. 

The ammonia developer is a container of thick iron plate, like- 
wise placed on a tripod. This container is provided with a tube, leading 
from the bottom up through the top and, externally, down below 
the level of the bottom of the container. Through this tube, xvhich is 
provided with a valve, the reaction fluids are sucked into the con- 
tainer by means of vacuum, and, after using, the waste fluid is forced 
out through this tube by means of compressed air. 

Through a tube provided with 2 side branches with valves, steam 
or compressed air may be led into the container. This tube goes down 
to the bottom of the container, where it forms a perforated ring. A 
thermometer may be inserted in the wall of the container. 
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From the top of the ammonia developer a tube leads the mixture 
of ammonia and air over into the precipitation vessel; and in front of 
the mouth of this tube, within the container, a drop cetcher is placed 

For the preparation of aluminium hydroxide gel, 2500 g. aluminium 
nitrate — A 1 (N 03 ) 3 , 9 is dissolved in distilled water. The solution 
is made up to 20 liters and filtered on nutsche through a coarse-porcd 
quartz filter plate. The solution is poured into the precipitation vessel 
and heated to 60“. 

Into the ammonia developer, by means of suction, a solution of 
1450 g. ammonium sulphate in 3000 cc. water is placed, and then a 
solution of 1200 g. sodium hydroxide in 13000 cc. water. The valve 
on the inlet-tube is closed and steam is led into the container until 
the fluid mixture has a temperature of 60®. Then compressed air is 
led in and this together with the ammonia is forced over into the 
precipitation vessel under a pressure of 2 atmospheres. Here the 
stirring apparatus is set agoing, and, together with the passing air 
current, it brings the precipitation fluid in violent motion. 

For 12 min., compressed air or steam are supplied alternatingly 
to the ammonia developer, so that the temperature here rises to SO®. 

The reaction heat in the precipitation vessel is balanced by a suit- 
able flow of cold water through the spiral cooler, so that the tem- 
perature of the precipitating mixture is kept at 61® + 1®. 

At first the aluminium nitrate solution keeps perfectly clear, but 
gradually — under the addition of ammonia — it becomes opeque 
and more viscous. Finally the content of the precipitation vessel con- 
geals spontaneously, forming now a transparent gel. Then the am- 
monium supply is stopped, and the gel is evacuated into 50 liters di- 
stilled water and centrifuged in a separator. After centrifuging the 
sediment is washed twice, being suspended in 40 liter water in a 
whipping machine, and then centrifuged. The washed sediment is 
suspended in distilled water. The gel is filled with distilled water to 
make 20 liters. It contains about 1.4 % Al^Og, besides the trace of 
NH.NOg. 

In its present form, the preparation is markedly thixotropic. After 
standing for a short time it forms a gel which on whipping turns into 
the sol form and then, on standing, again forms a gel. When left 
standing in aluminium buckets, it gradually turns into an almost 
perfectly clear sol, and when this is poured out into distilled water 
freed from CO,, the resulting solution is perfectly clear. If, on the 
other hand, the" preparation is left standing in containers of resistant 
glass, it soon forms a gel which, after some time, gives off water and 
no longer makes a clear solution w'hen it is poured out in distille 

water. . . 

The adsorptive capacity of the preparation as measured agains 
diphtheric toxin is not affected under this conversion phenomenon but 
keeps unchanged even on storage for several years. But the same 
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rule applies to this preparation as to other active aluminium hy- 
droxide gels: if they are stored in a wrong way — e. g., in containers 
of ordinary bottle glass, earthenware or other vessels that may give 
off silicate and alkali — its adsorptive capacity will soon be lowered. 

The adsorptive is assayed after the amount of diphtheria toxin 
which the aluminium hydroxide gel is able to adsorb from a toxin 
broth adjusted to pH 6 by means of hydrochloric acid. A series of 
adsorption tests are performed with increasing amounts of aluminium 
hydroxide gel against the same amount of toxin broth. 

Example: 200 cc. diphtheria toxin broth is adjusted to pH 6 with 
hydrochloric acid and distilled water is added to make 300 cc. 

The mixture is distributed on 4 centrifuged tubes, 75 cc. in each. 
Increasing amounts of aluminium hydroxide gel are added 2yo — 5 
— 7 and 10 cc. Each portion of adsorbent is diluted with distilled water 
to make 50 cc. 

The mixture is centrifuged, and the sediment is washed once with 
distilled water. 

The sediment is eJuated twice, each time being stirred with 40 cc. 
2.4% sodium phosphate solution (Na„HPO^, 12 H„0), and distilled 
water is added to the pooled centrifugates to make 100 cc. — Elutions 
are made of all four adsorbates in this way. 

The toxin content of the elution is measured after Ramon’s floc- 
culation method, and it is calculated how many per cent of the ori- 
ginal toxin has been adsorbed in the individual cases. The calculated 
values are plodded in a coordinate system with the adsorbed toxin 
per cent as ordinate and the employed vol. % aluminium hydroxide 
gel as abscissa. 

(On employment of 20 vol. % of the gel described above as ad- 
sorbent for diphtheria toxin, at least 90 % of the toxin will be found 
in the elution.) 

After storage for a considerable length of time the aluminium 
hydroxide gel shows tendency to conglomerate formation (when it 
is poured out in distilled water, lumps of gel are seen). Before using, 
therefore, the gel is minced, being forced through a homogenisator by 
a pressure of 100 atmospheres. A similar effect is obtained when the 
gel is whipped vigorously in a w'hipping machine. 


Ult rafil t ration . 

After removal of unspecific proteins by adsorption wuth aluminium 
hj'droxide gel, the antitoxin-carrying protein is present in highly di- 
luted solution (the volume of this being about 5 times larger than the 
original amount of blood). As mentioned, this solution is filtered 
through a Seitz clearing filter. The necessary concentration of the 
antitoxin-carrying protein is performed rapidly and without any de- 
monstrable loss of antitoxin by the so-called ultrafiltration through 
collodion membranes. ° 
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The technique of the ultrafiltration, largely based on the methorl 
given by Bechhold-Konig has been as follows: 

The apparatus consists of kidney-shaped, two-necked baloons of 
porous porcelain, the so-called kidney filters. The non-filtering sur- 
face — i. e., the upper part of the necks of the kidney filters 
glaced. 


IS 


For impregnation with a collodion membrane the kidney filter is 
first placed in distilled water for 24 hours. With a slight degree of 
vacuum, some distilled water is sucked through the filter, which is 
then taken up, emptied of water and dried carefully with a towel free 
from loose fibers. 

. The filter is then immersed cautiously in the solution of nitro- 
cellulose in glacial acetic acid. Under the immersion of the filter care 
must be taken to avoid any formation of airbubbles, as such bubbles 
usually lead to perforation of the membrane. After finished immer- 
sion of the filter, the air is sucked out at once, and the complete 
vacuum is maintained for 30 sec., whereafter the cock again is opened 
for inlet of atmospheric air. 

Now the filter is taken up — just as carefully as it was immersed. 
By deft turning of the filter the layer of collodion is distributed evenly 
over the entire surface, and the filter is at once immersed in distilled 
water. This results in immediate superficial coagulation of the collo- 
dion, and within a few minutes the coagulation is complete. After 15 
min. the filter is quickly transferred to a large vessel with distilled 
water, in which it is left till its use — though at least for 24 hours — 
and here the strength of the membrane increases so that it will stand 
transfer to the filter apparatus proper and the friction arising from 
the stirring of the fluid to be filtered. Apart from the distilled water, 
nothing should come in direct contact with the membrane, which is 
readily destroyed by pressure of finger nails or other sharp edges. 

The pore-size of the membrane depends on the nitrocellulose con- 
tent of the glacial acetic acid collodion. The higher this content, the 
more narrow will the pores be (besides, the width of the pores can 
be altered by using more or less dilute acetic acid for coagulation 
fluid instead of distilled w'ater). The membranes employed for Uic 
separation of the antitoxin-carrying protein are made of collodion 
containing 40 g. nitrocellulose per liter. (As a matter of fact, the 
antitoxin-carrying protein may be obtained quantitatively with mem- 
branes made of a collodion that contains 35 g. nitrocellulose per liter, 
but such membranes are very fragile, and hence it is preferable to 
use collodion containing 40 g. per liter. For other purposes in the 
immunochemical laboratory, w'here ultrafiltration may be employed 
with advantage, the membranes will have to be made of collodion with 
a higher nitrocellulose content. Thus, for ultrafiltration of diphtheria 
or tetanus toxin the membranes will have to be made of collodion con- 
taining 50 g. nitrocellulose per liter. For ultrafiltration of tuberculin 
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the membrane are made of collodion containing /O g. nitrocellulose 

per liter.) . , . i „ 

Nitrocellulose for collodion membranes is relatively easy to make 
in the laboratory. As a preparation of antitoxin-carrying protein often 
calls for a rather large amount of Nitrocellulose, and as the cost of 
this is relatively low, it often will be preferable to buy the nitro- 
cellulose, which should have a nitrogen content of 11.60 %. For ship- 
ment, the nitrocellulose is moistened with alcohol, which has to he 
removed before using. Tliis is done by drying the nitrocellulose in \a- 
cuum desiccator over sodium hydroxide. 

Dried nitrocellulose is readily combustible and powderized, and 
it has a tendency to become charged electrically on which accounts 
it should he treated very carefully. 

For solvent wc employ 99 % glacial acetic acid (sp. gr. at 20": 
1.05.3). We prepare the solution in volumetric flasks of 3 1. The flask 
is filled halfways with glacial acetic acid, and then 120 g. nitro- 
cellulose is pushed down into the flask, which then is filled % with 
glacial acetic acid and left standing to the next day. 

Now a .solution of 30 g. potassium carbonate in 300 cc. glacial 
acetic acid is added to the contents of ihe flask, which then is filled 
to the mark with glacial acetic acid. 

The flask is fastened in a machine, through which it rotates slowly 
(8 revolutions per min.), and this rotation is continued for about 2 
weeks, whereafter the collodion is ready to use. When stored in 
tightly stoppered flasks, this collodion will keep unchanged for years. 

Collodion showing evidence of water content — increasing viscosity 
or commencing opalescence — is unfit for the preparation of mem- 
branes. 

TIic filtering capacity for a kidney filter with the fresh membrane 
is about 1200 cc. per hour. After a few hundreds of liters have passed 
through such a kidney filter, as a rule, the rate of filtration will he 
lowered to such an extent that the membrane has to be removed. The 
old membrane is spurted off by a strong jet of water under the lap. 
and the porcelain filter dried at 110". The dried filter is then heated 
to glowing at 800". When cooled, the filter is ready again to impregna- 
tion with a new membrane. 

The ultrafiltration apparatus (Fig. 6) consists of a battery of 20 
kidney filters in stellate arrangement in a round vessel with a me- 
chanical stirrer in the center. Through an adjustiblc feeding-tube in 
its bottom, the filter vessel is supplied with the adsorbed antitoxin- 
containing solution from the reservoir. 

M ''‘^ssel is adjusted by a 

1 ariotte tube placed in the reservoir. The vacuum for the filters is 

irth^ Ik ' ^ centrifugal pump, 

Fig Fi circulating in the pump system (see 

g. ). ach battery of 20 kidney fillers can handle 18 — 241iters per 
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Fig. 6. 

Ultrafiltration battery (see also Fig. 7). 

hour. As a rule, we employ 2 batteries serially, so that 800 — 1000 liters 
are filtered in 24 hours. 

During the ultrafiltration the fluid surfaces in the reservoir and 
the filter vessels are covered with a thin layer of toluene. 



C: Receiver for collection of ultrafiltrate. 

D; Vacuum container. 

E: Water jets vacuum pump. 

F: Pressure container for water. 

G: Centrifugal pump. 

H: Relay, starting the centrifugal pump on fall in vacuum. 
K: Reverse valves. 

M: Valve. 
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Salting-out. 

As a rule, the ultrafiltration is stopped when the amount of fluid 
round the filters is reduced to 50 — 60 liters. 

Besides the antitoxin-carrying protein, the ultrafiltrate contains 
considerable amounts of serum albumin. Fractionation of the proteins 
is performed by salting-out of the antitoxin-carr 5 ing protein with am- 
monium sulphate. On addition of increasing amounts of ammonium 
sulphate to the fluid, the salting-out of the antitoxin-carrying protein 
commences when the ammonium sulphate concentration has reached 
a value corresponding to ca. 40 % saturation. When the ammonium 
sulphate concentration is increased to 55 % saturation, all the anti- 
toxin-carrying protein is salted out, while the serum albumin remains 
in solution. In practice the salting-out of the antitoxin-carrying protein 
is performed as follows: the concentrated protein solution of the ultra- 
filtrate contains an admixture of toluene (added as antiseptic under 
the ultrafiltration). This toluene is readily removed by filtration 
through a Seitz clearing filler. Then the clear filtrate is saturated 
55% with ammonium sulphate by dissolving 290 g (NH^)„SOj in 
each liter of the fluid. Before its use for this purpose the salt had 
been sterilized by autoclaving. Now it is dissolved in the fluid under 
stirring within a few minutes. The precipitated mixture is then al- 
lowed to stand for about 1 hour, whereafter the salting product is 




Filter press as 


Fiff. S. 

constructed by tlio writer (see the text). 
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separated by filtration. In order to get the filtration performed a. 
quickly as possible, the writer constructed a filter press wth main 
fitters of quartz filter plates and fore-filters of hard filter nanpr 
(baryte paper, 602 e. h. Schleicher & Schull (see Fig. 8). 

With employment of a pressure of 0.5 atmosphere, a press with 
two chambers can filter 100 1. fluid in 6 hours. Then the pressure is 
increased to 1 1.2 atmospheres. Under this pressure the filter cake 

is blown through for 12 hours. 


Dialysis. 

The filter cake, consisting of a plastic mass is freed from its am- 
monium sulphate content by dialysis through cellophane tubes in run- 
ning water. These tubes, which are sterilized by autoclaving under 
water, measure 40 mm. transversally. 

The mass is placed in the tubes by a special filling machine. 

This machine consists of a cylinder (15 cm. in diameter, 40 cm. 
in length, one end of w’hich is provided with a nozzle, 10 cm. long, 
with a caliber of 18 mm.), together with a close-fitting piston that 
can be forced forwards under great pressure by means of a spindle. 

The mass is transferred to the cylinder and then forced out through 
the nozzle into the dialyzing tube. This tube is cut in pieces of 1 % m. 
in length, making thus throughout the length of each piece of tube 
a column of the mass, 18 mm. in diameter. A short glass tube (steriliz- 
ed in oven) with a stopper of cotton is placed in either end of the 
tube; the ends of the tube are tied firmly, and the dialyzing tubes are 
then suspended in glass vessels — bells, 40 cm. in diameter, 60 cm. in 
height. The dialyzing fluid is introduced in the upper broad part of 
the bell as a slow and steady stream. The fluid used runs out in the 
bottom (that is, through the neck of the bell) which is closed with a 
perforated rubber stopper provided with a vertical tube that regulates 
the height of the fluid in the dialyzing vessel. Tap water is used for 
the dialysis. After dialysis for 72 hours, the tubes are free from am- 
monium sulphate (test with Nessler’s reagent). 

The solution of the antitoxin-carrying protein is evacuated from 
the cellophane tubes by diwding them. These tubes are used only 
once. 


Example of the Procedure in the Preparation of Purified Antitoxin. 

16 horses, immunized against tetanus, w'ere bled twice, at an 
interval of 48 hours. 

Each time 8 liters blood was withdrawn from each horse. Thus the 
starting material was 

16 X 8 + 16 X 8 = 256 liters blood (corresponding to 128 1. serum, 
with an average titer of 500 A. U. per cc,). 
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■/’ Bleeding " Bleeding 

16 X 8 = 128 1. blood. 

16 = 22 = 352 1. buffer. 

16 X 450 = 7200 cc. n/1 HCl. 

16 X 1280 = 20480 cc. bentonite sol. 

Centrifuging. 

Centrifugate, 450 1., free from its fibrin content 
by precipitation with 4 % ; 18 kg. 

Bentonite sol. 

Centrifuging. 

To centrifugate is added 3070 cc. cone. HCl, 
diluted in 50 1. dist. water (raising pH to 
3.20) and 2070 cc. standard pepsin sol. 1 : 580 
U. k P. per cc., giving a pepsin content of 
2 pepsin units per cc. inixtui'e. Tp. 20®. After 
1 hour, pH of 3.30 is adjusted to 3.20 by ad- 
dition of 450 cc. 2/n HCl. 

Standing for 17 hours at 20®. 

Then neutralized to pH 6.5 by cautious addition 
of 1640 g. NaOH dissolved in 50 1. dist. 
water. 

Adsorption; 

1; IS kg. aluminium hydroxide gel 

2; 18 » » » » 

3; 18 » » )) » 

4; 12 » » )) » 

5: 8 » » » » 

Filtration through Seitz EK. 

Ultrafiltration, ca. GOO 1. to 50 1. 

(toluene added as antiseptic). 

Salting-out with 55 % saturated ammonium 
sulphate (14500 g. (NH,)„SO,) dissolved in 
50 1. 


Removal of the salted out globulin by filtration 
in the filter press. 

Dialysis against running tap water, 72 hours 
in cellophane tubes. 

Dialysate: 18200 cc. 

Protein content: 9 %. 

Antitoxin titer: 3000 A. V, per cc. 


Adsorption: 

1; IS kg. A1(0H)3 gel 

2; 18 » >> >> 

3; 15 » >> » 

4: 9 » » » 

5: 3 » » » 


Technique and propor- 
tional amounts as under 
1’ blooding. 
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The Finished Preparation. 

After the dialysis, the solution of the antitoxin-carryine nrotoin 
contains 9-10 % protein. With this protein content, as a rule it m 
an antitoxin titer sufficiently high for its clinical employment in ik 
present form. 

In a few instances, however, it has been necessary to increase the 
protein content of the solution. By using one or more kidney filters, 
covered by a few per cent collodion membrane (see section »Ultra- 
fiItration«) it is possible rapidly and without any loss of antitoxin 
to remove so much water that the preparation has the antitoxin titer 
desired. 


During the various stages of the purification process the antitoxin 
has preserved its stability unchanged. The keeping quality of the 
purified antitoxins is not inferior to that of the native serum, and 
the purified preparations have the great advantage over native sera 
or antitoxin preparations made by fractionated salting-out of the 
serum that they keep perfectly clear without any kind of sediment 
even on storage for several years. The antitoxin preparations keep 
clear when mixed with distilled water in any proportion. When left 
standing, such a mixture keeps perfectly clear, without any sediment 
whatever. 

The antitoxin titer obtained in the purified preparations depends 
on the titer of the blood from which the individual preparation is 
made. 


Blood with serum titer 200 — 300 A. U. gives preparations of 1000—1200 A. U. 
>, » » » 400— 600 » » » » 2000—3000 « 

» » » )) 700 — 1000 » » » » 4000 — 5000 » 


At the same time the yeild of antitoxin is 70 — 80 % of the starting 
material. The interval between the bleeding of the horses and the end 
of the purification process is 8 — 10 days. 

Now the purified antitoxins have been employed in the clinic for 
10 years, given intramuscularly alone as well as by intramuscular and 
intravenous injection combined. They are tolerated very well by the 
treated patients,' as the incidence of ascertained serum sickness has 
been considerably under 5 %. 

On examination with electrophoresis and ultracentrifuging with 
purified antitoxin preparations are found to consist of one protein with 
a molecular weight of about 100000. 

Although the preparation thus is a pure protein, it has been pos- 
sible in various ways to split it in parts more or less rich in anti 
toxin. 

By repeated proteolysis of the purified preparation with pepsin at 
pH 3.20 and following adsorption with aluminium hydroxide at pH 
6.50 it was practicable in several cases to obtain an improvement of 
the ratio antitoxin/protein — though only at the cost of an often con 
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siderable loss in antitoxin. Similar results are obtained when purified 
antitoxin is fractionated with ammonium sulphate. Thus, when the 
antitoxin is salted out in 40 % saturated ammonium sulphate and this 
is followed by filtration and salting-out of the filtrate by increasing 
the ammonium sulphate concentration to So '% saturation, the pre- 
paration is split into a protein, relatively poor in antitoxin that is salted 
out at up to 40 % saturation and a protein, relatively rich in antitoxin, 
that is salted out between 40 and 55 % saturation. 

When ammonium sulphate is added to a solution of antitoxin to 
20 % saturation, and this mixture then is acidified to pH 4.20 and 
heated to for some length of lime, a smaller part of the protein, 
relatively poor in antitoxin, will coagulate, while the other part of the 
protein, relatively rich in antitoxin, remains unchanged in form in the 
solution. 

These experiments on further purification of antitoxin preparation 
arc theoretically interesting. Under the practical preparation of anti- 
toxin, repeated purification has been employed but exceptionally, as it 
always is connected with a considerable loss of antitoxin, and as the 
antitoxin preparations purified througb adsorption in themselves arc 
perfectly freed from cuglobulin and thus meet the most important 
requirement set up for an antitoxin. 


Antitoxin Preparations for Veterinarij Use. 

Generally the same qualitative requirements arc not set up for 
antitoxin preparations that arc to be used in veterinary practice as 
for preparations to be employed in the human Ihcrapy. On the other 
hand, the lower commercial value of the former makes it essential to 
keep the cost of their preparation as low as possible. 

A relatively good purified antitoxin is obtained, while the anti- 
toxin content of the blood is utilized well, by employment of the fol- 
lowing method: / 

The bleeding is performed under employment of bentonite as 
described in the section dealing with this part of the process, llie 
clear centrifugate after the second bentonite precipitation neutralized 
with ammonia to pH 7.0, and then the globulin is salted out on 55 % 
saturation with ammonium sulphate (by solution of 200 g. (NHJ„SOj 

per liter). The salting-out product is pressed and dialyzed as described 
in the preceding. 

Sometimes it will also be expedient to work up some w’cak anti- 
toxic sera to purified antitoxin in this way. 

Example: The starting material consists in 30700 cc. tetanus serum 

with a protein content of 10 % and an antitoxin titer of 275 A U 
per cc. ‘ * 


Preliminary tests: 50 cc. scrum is diluted with 100 cc. in n/10 
solium acetate This dilution is acidified with hydrochloric acid to 
pH 0.5, and distilled water is added to make 200 cc. Now the serum 
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*1 

dilution is distributed on a series of test tubes, 10 cc. in eachf 
dilute bentonite sol is added to the tubes in increasing amounts - 
described under titration of fibrinogen (section »Bleeding«). Afhr 
standing for 10 min., precipitation of fibrin appeared in tube No 13 
corresponding to an addition of 13 % bentonite sol to the serum dihi’ 
tion 1 .+ 3. 


The main portion, 30650 cc., is mixed with 50 1. distilled water in 
which 460 g. sodium acetate has been dissolved. The mixture is acidi- 
fied to pH 5.5 with hydrochloric acid. Under vigorous stirring, the 
calculated amount of bentonite sol, 15940 cc., is added. 

After standing for one hour the mixed precipitate is centrifuged. 

The centrifugate is neutralized w'ith ammonia to pH 7.0. 

Filtration through Seitz EK. plates. 

Salting-out of the filtrate (88 liters) in 55 % saturated ammonium 
sulphate by solution of 25.5 kg. autoclaved (NHJ^SO^ in the fluid. 

The salting-out product is separated by filtration, then pressed and 
dialyzed as described in the preceding sections. 

The dialysate amounts to 8000 cc., with the protein content of 
8.6 %, and an antitoxin titer of 850 A. U. per cc. 

Antitoxins prepared with employment of this simple technique will 
still contain a greater or smaller amount of euglobulin, and hence it is 
not advisable to use these preparations in the human therapy. 


Summary. 

A detailed description is given of the preparation of purified anti- 
toxins from the blood of immunized horses, besides of the apparatus 
and reagents used for the preparation. 

The blood is defibrinated with bentonite. Blood corpuscles and 
fibrin are removed by centrifuging. 

The solution of serum proteins is submitted to proteolysis with 
pepsin in acid fluid. 

The unspecific protein is removed from the solution by adsorption 
with aluminium hydroxide gel. 

The solution of antitoxin-carrying protein is concentrated by ultra- 
filtration, salting-out and dialysis. 

The preparations thus obtained are of pure pseudoglobulin char- 

3.ct61* 

The preparations are tolerated wmll by the patients treated with 
them. They keep, unchanged, and the solution remains clear, without 
any sediment, even on storage for years. 
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SOME UNUSUAL MUCOID ORGANISMS 

By Svcrre Dick Ilciirikscu. 

(Beccivcd for publication November 28th, 1017). 

In a previous study of chronic respiratory diseases (1), the ob- 
servation was made that is was not unusual to isolate more than one 
mucoid organism from the same culture. It was thought that this oc- 
curred more frequently than one would expect as a chance coincidence. 

The present stud5' was undertaken in order to seek more informa- 
tion as to the significance of this observation. 

A number of different mucoid strains were isolated for further 
study. Among these, there were some unusual organisms, which are 
described below. 

A. A mucoid strain of Pseudomonas aeruginosa. 

A blood agar culture from a case of chronic bronchitis was found 
to contain a number of mucoid colonics, which looked like typical 
Klebsiella colonies. The only unusual thing about the culture was 
a strong smell like that of pyocyancus cultures, although no colonics 
of this species were found. When the culture was left on the desk 
for a couple of days, some of the mucoid colonics were found to 
dry out rapidly, leaving only a thin, shrivelled granulated film, while 
others remained moist and raised. On subculture, the latter colonics 
were found to represent the usual type of Klebsiella, found in such 
conditions, whereas the quick-drying type was found to produce a 
yellowish-green pigment, often a metallic lustre of the surface of the 
colonies, and the characteristic odor of Pseudomonas aeruginosa. The 
latter strain had the following properties: 

Morphology: Short gram-negative rods like typical pyocyaneus 
bacilli. Stained by the India ink method of Butt, Bonynge and Joyce 
(2), they were found to he surrounded by somewhat irregular capsular 
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spaces. There also seemed to be a considerable quantity of intercellulir 
material, probably free capsular substance. The rods ^Yere non-molilc 

Colonies: 24 hours old colonies are indistinguishable from Klebsi 
ella colonies, raised, strongly mucoid, of a thin, syrupy consislencv 
After 48 hours at 37 C or 3 — 4 days on the desk the colonies shrink 
to thin granulated films, usually with a metallic lustre. (Photo no. 1) 

Subcultures from young, mucoid colonies usually gave a pure 
growth of the same type of colony, whereas subculture from older 
colonies gave a mixture of mucoid and non-mucoid colonies. Thus the 
strain had a marked tendency to produce non-mucoid mutants, this 
tendency being most marked at 37 C, less at lower temperatures. The 
non-mucoid colonies were of two types, one just like the usual pyo- 
cyaneus colony, the other smaller, smooth, raised with a navel-shaped 
depression on the top. This latter type was unstable and changed into 
the former type on subculture. 

By always selecting strongly mucoid colonies for subculture, it 
has been possible to maintain the strain in the mucoid state for about 
2 years so far. 

Cultural and biochemical properties: Good growth on all the usual 
media between room temperature and 37 C. In broth even turbidity 
and a surface pellicle, later a viscid sediment. Poor growth under 
a vaseline seal. 

Potato: thick brownish growth with a metallic lustre. 

A yellowish green pigment is produced on all media. 

Fermentation: Weak acid production from glucose. Maltose, lactose 
sucrose and mannitol are not fermented. 

Milk: Coagulated in 48 hours, later slowly peptonized. 

Gelatin: Sacculiform, later complete, liquefaction. 

Serum slants: No liquefaction. 

Nitrates are reduced to nitrites, but indol is not produced in peptone 
broth. 

A solution of dimethyl paraphenylene diamine gives a positive ox- 
ydase reaction. 

H 2 S is produced in lead acetate agar. 

Classification: The strain must be considered as a mucoid strain 
of P. aeruginosa. 

Comment. Mucoid strains of P. aeruginosa are rare in human ma- 
terial. They are also stated to be rare elsewhere in nature. Such strains 
have been described previously by Sonnenschein (3), by Dahr and 
Kolb (4) and possibly by Pottien (3). Reid, Harris, Naghski and Gat- 
chell have studied the dissociation of this species and have seen the 
mucoid form (5). The original reports on these forms were no 

available. . , 

The simultaneous presence of this strain and a typical strain 01 

Klebsiella in the same sample should be noted. 
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B. A mucoid strain of Staphylococcus aureus. . , , , 

A throat swab from a case of chronic rhino-pharyngitis yiet cd 
practically pure growth of a strongly mucoid organism with white 
or ivory colored colonies. It was found to consist of gram-posltl^ c 
micrococci. 

Morphology; Gram-positive cocci of the size, shape and arrange- 
ment of staphj’Iococci. Stained by the India ink method (2) the 3 ' were 
found to he surrounded hj' distinct capsular spaces. 

Colonies: Large, 3 — 4 mm after 24 hours, moderatelj' raised, verj' 
moist and confluent, of a thin, not markedlj' viscid consistencj'. The 
pigment varied in different cultures from pure white to pale j'ellow, 
and usuallj’’ was concentrated in the centre of the colonj’, whereas 
the peripherj' was colorless or grej’ish, transparent. The j'cllow color 
was most marked in cultures cultivated at room temperature. The 
strain has remained quite stable in the mucoid state for about 2 j’ears, 
with no tendency' to dissociate (Photo no. 2). 

Cultural and biochemical properties: Good growth on all tlie usual 
media. Broth cultures showed even, dense turbiditj'. 

Fermentation: Acid was produced from glucose, maltose, lactose, 
sucrose, mannitol, dulcitol, trehalose, levulosc, dextrin and inulin, but 
not from salicin, acsculin, rhamnose, arabinose, xj’lose, sorbitol or 
starch. 

Gelatin: Sacculiform liquefaction from the 3rd or 4lh daj'. 

Milk: coagulated within 14 daj’s. 

Nitrates are reduced to nitrites but neither indol nor H„S are 
produced. 

No distinct hemolysis on blood agar. 

Crj’stal violet agar (1:300000): growth with violet colonics which 
later turned j'cllow in the centre. 

0.017 % bromothymol blue agar: good growth. 

Plasma coagulase test: positive in hours. 

Mice were killed bj" intraperiloncal injection of 0.5 ml 24 hour 
broth culture, but not by 0.05 ml. 

Classification: This strain gives the reactions of the pathogenic 
type of Staphylococcus aureus: fermentation of mannitol, violet growih 
on crystal violet agar, growth on bromothymol blue agar, and plasma 
coagulase test. The production of pigment was weak and irregular, 
but sufficient to sho\v that it must be the aureus varieW. 

Comment. Mucoid forms of Staph, aureus have been described by 
Sonnenschein (3), Ocsterle (6) and by Gilbert (7). All strains produced 

a strong yellow pigment, and the two latter strains were pathogenic 
to mice. 


Bigger, Boland and O’Meara (8) studied the dissociation of 
s aphylococci and found some »viscid« forms, which, however, seemed 
to he more closely related to the R-form than to the M-form. Ap- 
parentlj’ thej’ were not encapsulated. 


32 * 
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"''^'=°5d trans- 

C. A mucoid diplobacillus and an unusual strain of Klebsiella 

A nose swab from a case of chronic rhino-pharyngitis, among other 
organisms, gave growth of a pneumococcus type III and some fairlv 
large, dry colonies with a navel-shaped depression. After the culture 
had been left on the desk for some days, an additional type of colony 
had appeared. This was a strongly mucoid colony of the Klebsiella 
type. 

Subculture at 37 C in an electric incubator, gave extremely poor, 
dry growth of both the navel-shaped colony and the mucoid one. At 
30 C, however, both colonies gave a luxuriant, strongly mucoid growth, 
indistinguishable from that of Klebsiella. Further study showed that 
the navel-shaped type of colony conformed with Klebsiella in all 
respects except its unwillingness to grow at 37 C under usual con- 
ditions, whereas the mucoid colony from the primary • culture was 
found to be a diplobacillus, the properties of which are reported below. 

Both these strains were peculiar in their demand for a humid 
athmosphere. When cultivated at 37 C in the incubator, the Klebsiella 
only produced a very meager, dry growth on the part of the plate 
where the inoculum had been deposited, and the diplobacillus either 
failed to grow alltogether, or produced an extremely meager, dry 
growth. When films were prepared from such growth, both strains 
showed extreme pleomorphism, with large swollen rods and pale 
»ghost cells«. Large »spherical bodies« were also produced, and other 
bizarre forms. Dumbbell shaped cells were frequent in the diplobacil- 
lus. (Photos nos. 3 — 9). 

When the same strains were cultivated at 37 C in a closed jar, 
containing water, they always gave luxuriant, strongly mucoid growth, 
which showed no pleomorphism on microscopical examination. Similar 
growth was obtained in an incubator at 30 C or on the desk. The 
pleomorphism could he reproduced at will by cultivating at 37 C in 
a dry athmosphere. (Photos nos. 3 — 9). 

None of the other mucoid organisms studied have showm this ex- 
treme sensitiveness to drying, nor similar pleomorphism. 

Apart from this peculiarity, the strain of Klebsiella behaved as 
most other strains, and there is no need to describe its properties in 
detail. 

The mucoid diplobacillus had the following properties: 

Morphology: When growm in a humid athmosphere, the strain pro- 
duced short, plump rods with a marked tendency to appear in pairs or 
in short chains. Grown at 37 C in a dry athmosphere it showed the 
pleomorphism described above. 

The rods wmre non-motile, and Avere surrounded by large capsular 
spaces in India ink preparations. In the pleomorphic organisms the 
capsules still seemed to be present but very much reduced in size. 
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CulUiral and biochemical properties; Luxuriant, mucoid growth on 
all solid media, if a humid athmosphere was provided. Very poor or 
no growth on all media in a dry athmosphere at 37 C. The colonies, 
when drjdng was prevented, were large, raised, confluent, rnoist, 
moderately viscid, just like most strains of Klebsiella. 

In liquid media growth was very poor at 37 C, better at 30 C, both 
in plain and rich media. 

No carbohydrates were fermented, neither indol nor H„S produced 
and neither gelatin nor serum liquefied. 

Nitrates were reduced to nitrites, and a positive oxydase reaction 
was obtained with dimethyl paraphenylenediamine. 

Mice were killed by intraperitoncal injection of 500 million and 
50 million organisms, but not by smaller doses. 

Classification: This strain docs not conform with any species listed 
in Bergey’s manual, nor with any described in the available literature. 
In a recent study (9), however, some diplo-bacilli from the genito- 
urinary tract were described, which show a marked similarity with 
this strain. Such strains were also found in the respiratory tract. These 
diplobacilli were not mucoid, but otherwise had all the properties of 
this mucoid strain. Tliey were thought to be related to H. duplex, and 
to represent a new species of diplobacilli. 

It seems that the mucoid strain described above must be the mucoid 
form of this species, the classification of which has been discussed 
previously (9). 

Comment. This is another case where two different mucoid gram- 
negative rods were isolated from the same case of chronic inflamma- 
tion of a mucous membrane. Both strains grew with exactly the same 
type of mucoid colony, showed the same sensitiveness to drying, and 
a similar pleomorphism, when exposed to a dry athmosphere at 37 C. 
Such behaviour is unusual in Klebsiella. None of tbe other strains of 
Klebsiella studied were sensitive to drying. In the diplobacillus, on 
the other hand, it may be the normal behaviour. This tj'pe of diplo- 
bacillus has been shown to be unwilling to grow in a dry athmosphere 
at 37 C. But none of the strains, described previously, were mucoid. 
Thus it may seem as if these two strains, growing together on the 
same membrane, had borrowed some characteristics from each other. 

It may be wise, however, to consider this just a set of unusual 
coincidences, in the absence of more tangible evidence. 

It is interesting to note that the mucoid diplobacillus was patho- 
genic to mice, whereas the non-mucoid strains studied previously, 
were non-pathogenic even in large doses. 


Snmniarp. 

Some organisms, rarely seen in the mucoid stage, are described. 
Une was a mucoid strain of Pseudomonas aeruginosa, found together 
with a strain of Klebsiella. 

The second was a mucoid Staphylococcus aureus. 



The third and fourth strains, isolated from the same case were 
a strain of Klebsiella and a mucoid diplobacillus. The colonies of these 
strains were indistinguishable from each other, and they both were 
very sensitive to a dry athmosphere at 37 C. They showed a marked 
pleomorphism, characterized by large, swollen cells and spherical 
bodies, when incubated at 37 C in a dry athmosphere. 

The mucoid diplobacillus was pathogenic to mice, whereas the 
smooth stage of the same organism has been found to be non-patho- 
genic. 
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Photo no. I. 
Mucoid strain of P. 
aeruginosa X 5. 



Photo no. 2. 
Mucoid Stai)l\>dococcus 
aui'cus. X i. 



Photo no. .'I. 
Klebsiella, incubated in 
moist, athmospbere. 

X i. 



o 


JPioto no. 4. 

Diplobacillus, incubated 
in moist athmospbere. 
X 4. 



Photo no. ti. 

Klebsiella, bumid alb- 
mospbere. India ink 
preparation. X 1850. 



Photo no. ti. ■ 
Diplobacillus, bumid 
atbmospherc. India ink 
l)reparation. X 1850. 
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Photo no. 7. Photo no. 8. 

Klebsiella. Dry athmosphere . Diplobacillus. Dry atlimos- 

at 37 C. Pleomorphic organ- phere. Pleomorphic organ-, 

isms with large swollen isms. Gram’s stain. X 1850. 

cells. Gram’s stain. X 1100. 



Photo no. 9. 

Klebsiella. Dry athmosphere 
at 37 C. India ink prepara- 
tion. Pleomorphic organisms 
with irregular capsules. 

X 1850. 
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SEROLOGICAL CROSS-REACTIONS BETWEEN 
UNRELATED MUCOID ORGANISMS 

Bj’ SticJTC Dick Hcnrikscu. 

(Received for publication November 2Sth, 1947). 

In previous papers (1,2) it has been shown that two or more 
mucoid organisms can sometimes he isolated from the same patient. 
This seems to he true particularly in certain chronic diseases of the 
mucous membranes, which practically constantly give growth of 
microbes classified as Klebsiella. 

Several explanations might be suggested to account for this fact. 

1. To start with the simplest explanation, it might he a mere chance 
coincidence. Study of a large material, collected from such conditions 
and from normal persons, would be necessary to prove or disprove 
this hypothesis. 

2. It might he due to some selective factor, favoring the establish- 
ment of mucoid organisms on the mucous membranes, e. g. some agent 
inhibiting the growth of certain organisms in the smooth, hut not in 
the mucoid state. The predominance of Klebsiella strains in such con- 
ditions could he explained by assuming a higher mutation rate in the 
bacteria which give rise to the Klebsiella strains (possibly Escheri- 
chia), than in other organisms. Only bacteria with a comparatively 
high mutation rate might have a reasonable chance of establishing 
themselves in the mucoid state, before being suppressed by the selec- 
tive agent. 

3. The studies of Avery et al. (3,4,5 )and of Boivin et al. (6, 7) 
on type transformation suggest the possibility of transfer of gene 
material between two organisms growing in the same place. So far, 
type transformation has only been observed within the same species. 
Whether it is possible between more distantly related or unrelated 
species is unknown. 

These three hypotheses would not necessarily exclude each other. 
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An antigenic study of mucoid organisms, isolated from the 
patient, might possibly give some indication as to which hvnniw 
was most likely in a given case. ‘ 


Material and methods. 

The strains studied include the unusual strains described in the 
preceding paper (2), namely: 


A 

A 

A 

A 

A 


mucoid strain of Pseudomonas aeruginosa, 
Klebsiella strains for the same patient, 
mucoid diplobacillus, 

Klebsiella strain from the same patient, 
mucoid Staphylococcus aureus. 


btrain P—752 
Strain K— 752 
Strain D—Hi 
Strain K~IH 
Strain LKA 


In addition, 25 other mucoid gram-negative rods, collected from 
various sources, were included in the study. These strains were isolated 
from the follo\ving sources: 


Chronic rhino-pharyngitis (inch ozaena) 7 strains 

Asthma and chronic bronchitis 8 strains 

Bronchopneumonia 2 strains 

Pleurisy 1 strain 

Liver abscess 1 strain 

Purulent infections 2 strains 

Urinary infections 3 strains 


The cultural and biochemical reactions of these strains were studied 
in some detail, in order to get an idea as to which types were pre- 
valent. 


Serological methods. 

Immunization: Rabbits were immunized by intravenous injections 
of formalin-killed bacterial suspensions on the first 5 days of each 
Aveek for 3 — 4 weeks. Dosage started about 500 million organisms 
and increased gradually up to about 5000 million. Additional courses 
w^ere given if test bleedings were found to be of insufficient liter. 
Serological tests: Attempts to utilize the agglutination reaction were 
not successful. Satisfactory titers were not obtained. The complement 
fixation reaction gave more promising results, but considerable vorh 
was necessary to find the most satisfactory method. The first attempts 
were made %vith incubation in a w'ater bath at 37 C for 30 to 1 hour. 
Whereas homologous reactions usually were satisfactory with an in- 
cubation time of 1 hour or even 45’, some cross-reactions gave variable 
results, and after incubation for 30’, even the homologous reactions 
became inconsistent. It appeared as if the reaction with Klebsiella anti 
gens was somewhat sluggish, and required considerable time to be 
completed. This may possibly be due to the high viscosity of the 
antigens. 
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Incubation at 4 C for 20 hours gave more saticfactory and repro- 
ducible results. The technique finally adopted was the following: Two- 
fold dilutions of inactivated immune serum were made up in 0.2 ml 
volumes, starting with 0.1 ml of serum (the dilutions were ^^^tually 
prepared in larger volumes, to obtain greater accuracy, and 0,2 ml 

volumes pipetted into a series of tubes). 

Antigen: 0.2 ml of saline suspensions of heat-killed organisms, 
standardized to contain between 1000 and 2000 million cells per ml. 
Complement: 0.2 ml volumes, containing 2 hemolytic units (the unit 
determined as the smallest quantity necessary to give complete hemo- 
lysis with 0.4 ml 1.5 % sheep blood corpuscles, sensitized with 4 units 
of hemolytic amboceptor). 

Incubation at 4 C for 20 hours. After incubation, addition of 0.4 ml 
of sensitized sheep blood corpuscles, and renewed incubation at 37 C. 
The tests were read after 15’, and again after complete sedimentation 
of the blood corpuscles at room temperature. 

Titers are given as the serum dilution in the total reaction mixture 
of 0.6 ml, in the last tube that gives at least 50 % fixation (i. e. less 
than 50 % hemolysis). Thus the serum dose 0.1 ml would correspond 
to the titer 1:6. 


Experimental. 

A. The properties of the Klebsiella strains. 

Type of colony: Two different types of colonies could be 
distinguished with comparative ease. The predominant tj'pe (21 
strains) was large, moderately raised, confluent, of a thin, syrupy, 
not very viscid consistency. The second type (2 strains) was larger, 
domed, of a firmer, more viscid consistency, like a sticky jellj'. 4 
strains differed slightly from the others, the colonies, while resembling 
the predominant type, were smaller, and one of them showed a marked 
tendency to split out smooth mutants. 3 of these strains were isolated 
from urinary infections. These strains differed from the others in 
other respects also, and were considered as mucoid strains of E. coli, 
rather than Klebsiella, that is if there is any real difference between 
the two. 

Fermentation reactions: On bromothymol blue lactose agar only 
4 strains produced an acid reactions. 23 strains grew with blue co- 
lonies. All strains produced acid from glucose, maltose and mannitol. 
Lactose was fermented by all but 4 strains after 24 hours to 7 days, 
and sucrose was fermented by 4 strains only. Only 8 of the strains 
produced gas, 3 urinary strains produced indol, and 3 of the strains, 
hvo of which were urinary, were weakly motile. 4 strains produced 


All strains gave a positive methyl red test, and all, except one, a 
negative Voges Proskauer test. 

Thus a similar variation was found in this material as in most 
previous investigations of this group. 
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B. Complement fixation reactions of Klebsiella strains. 

Complement fixation tests were set up in two different anti 
Klebsiella immune sera (serum anti-K-H4 and serum aiiti-K -752 ' 
with 25 different strains as antigens. The homologous titer of both 
sera was 1:192. 18 strains gave reaction up to the homologous titer 
within the experimental error. All variations on repetition of the tests' 
were within one tube below or above the homologous titer. 7 strains 
gave negative reactions, including 3 strains from urinary infections 
the two strains with the domed colony, 1 ozaena strain and 1 broncho- 
pneumonia strain. 

Thus the majority of mucoid strains isolated from various chronic 
conditions of the mucous membranes seem to belong to the same sero- 
type. 


Table 1. 

Cross-reacting antibodies to mucoid organisms demonstrated by fixation of 
complement. Antibody titers with constant antigen dose. 


Immune sera 

Antigens 

Klebsiella 

K-752 

Klebsiella 

K-H4 

Diplobacillus 

D-H4 

Slapbylo- 
coccus. LKA 

P. acruRinosa 
P-752 

Anti K'752 

192 

192 

192 1 

1 

0§ 

0 

Anti K-H4 


192 

192 

24 § 

0 

Anti D-H4 

48 

48 

3072 

96 

— 

Anti LKA 

0 


192 

192 

— 

■ Anti P-752 

0 

0 

— 

— 

7G8 


— : reaction not carried out. 

§ ; These reactions gave variable results. 


C. Cross-reactions between Klebsiella and other mucoid organisms. 

Immune sera were prepared as described above against the mucoid 
strain of P. aeruginosa (anti-P-752), the mucoid diplobacillus (anti- 
D-H4) and the mucoid Staphylococcus (anti-LKA). 

Complement fixation tests were set up with different antigens in 
these immune sera and the two anti-Klebsiella sera. All tests^ were 
repeated on several occasions, and the results found to be consistent. 
All variations seemed to be within the experimental error The results 
are presented in table I. 

The table shows that the diplobacillus cross-reacts in the two 
Klebsiella immune sera up to the homologous titer, whereas the Kle 
siella antigens only show moderate cross-reactions in the anti-dip o 
bacillus immune serum. Surprisingly enough, the mucoid staphylorac 
cus shows marked antigenic similarly "with the diplobacillus. ic 
slight, and somewhat irregular, cross-reactions in anti-Klebsiella im 
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mune sera with the staphylococcus antigen may indicate a slight anti- 
genic similarity, hut the reactions were not entirely convincing. 

The strain of P. aeruginosa showed no cross-reactions with the 
Ivlehsiella, isolated from the same patient. This negative reaction was 
confirmed by tests with crude, hut probably protein-free, capsular 
polysaccharides, prepared from the two strains. These polysaccharides 
gave homologous precipitation and complement fixation only. 

The cross-reactions between the diplohacillus and the Klebsiella 
from the same patient are of particular interest in this study. The 
question arises whether these, strong, but not complete, cross-reactions 
would he consistent with the 3rd hypothesis, suggested above, i. e. 
whether tlie cross-reactions might possibly be due to identical capsular 
polysaccharides. As it is unknowm to what extent the capsular and 
somatic antigens contribute to the reactions in these cases, more de- 
tailed antigen analysis would be necessary to answer the question. 

The cross-reaction between the diplohacillus and the mucoid sta- 
phylococcus, allthough interesting, was not thought to be equally 
pertinent to this study, and was left for future consideration. 

D. Preparation and serological assay of capsular polysaccharides. 

In view of the fact that the Klebsiella, strain K-H4, gave complete 
cross-reactions with a majority of Klebsiella strains, it was thought 
most likely that it was a representative of Julianelle’s group A. The 
method used by Goebel and Avery (8) for the preparation of the 
capsular polysaccharide of this group was consequently chosen as 
the one most likel}' to succeed. 

30 agar plates each were inoculated with the two strains. After 
48 hours at 30 C (under which conditions a luxuriant mucoid growth 
was always obtained), the growth was harvested and suspended in 
300 ml of water, after which the directions given in (8) were followed 
as closely as possible. 

The 5delds of capsular polysaccharide were 0.45 G fi’om strain 
K-H4 and 0.1115 G of strain D-H4. The jdelds were insufficient for 
a complete chemical analysis, but some properties were examined. 
Both polysaccharides were greyish-white amorphous substances, which 
were fairly easily soluble in water (more easily in dilute alkali). 
Watery solutions were slightly opalescent, very viscous and gave a 
lather high acidity. About 2 % solutions of the polysaccharides had 
a pH of 2.22 for K-H4 and 2.37 for D-H4. The biuret reaction was 
negative in fairly concentrated solution, and the Molisch test positive. 
One of the solutions reduced Fehling’s solution (D-H4), the other only 
after acid hydrolysis. Some other properties are shown in table II. 
mr comparison the properties of Friedlander polysaccharides, as stated 
in (8) and (9) are shown in the same table. 

It seems obvious that the degree of purification in these experi- 
ments was less satisfactory than in the studies referred to above. It 
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Table 2. 


Properties of polysaccharides K-H4 and B-m, compared with , 

types A. B a.7id P j icdlandi 


Origin of 
polj'saccharide 

Acid 

equivalent 

! 

(«) . 

D 

1 

Nitrogen 

1 Hishesl dilution 
Rivins precipitate in 
immune .serum 

Type A 

1 

430-445 

—100° to —105° 

0 

1:2X105 

Type B 


+100° to +102,5° 

0 

1 : 2X10’ 

Tj'pe C 

575 — 681 1 

+90° to +101° 

0 i 

1:2X105 

Strain K-H4 



1.5% 

1:2X105.$ 

Strain D-H4 



2.6% 

1 

1:2X105 $ 


§ : measured at pH 7. 

8; Slight trace of precipitate after centrifugation with this dilution. 


is felt that the small quantity of nitrogen probably represents some 
impurity. Serological tests, however, indicated that the degree of puri- 
fication might be sufficient for the purpose of this study. 

It is reasonably certain, when comparing the optical rotations of 
the different polysaccharides, that the one prepared from strain K-Hi 
is different from that of Julianelle’s group A, contrary to expectation. 
It may however be identical with that of group B or group C. Studies 
of the reactions of autentic type-strains will be necessary to decide 
■which. At any rate the sero-type, found to predominate in this col- 
lection of strains, seems to be another one than in Julianelle’s 
material (10). 

The differences in the optical rotations of the polysaccharides from 
strain K-H4 (s-K-H4) and from strain D-H4 (s-D-H4) suggest that 
these polysaccharides are different, although the purity of the pre- 
parations may not allow definite conclusions. 

Precipitation tests with various dilutions of the two polysaccharides 
in the two immune sera, gave homologous precipitation only. Each 
preparation reacted with homologous serum up to a dilution of 
1 :2 X 10«. 

Complement fixation tests gave entirely different results, as shovn 
in table III. 

Both preparations produced complete fixation with the homologous 
serum up to dilution 1:3.2 X lO®, whereas cross-reactions did not go 
further than to dilution 1:3200 and 1:12800 respectively. 

Thus the cross-reactions between the two organisms seem to he 
due, in part at least, to related capsular polysaccharides. 

Some absorption experiments were carried out, in order to find 
out whether absorption of a serum with the homologous polysaccha- 
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Complement 


Table 3. 

fixation witli capsular polysaccharides. Constant dose of serum 
(0.04 ml) and four-fold dilutions of antigen. 


Immune 

scrum 

lliRhcsl reaclivr 

nnli({cn dilution 

AiUiRcn S-K-in 

AnliRcn S-n-IM 

! 

Anti K-H4 

1:3.2X10'' j 

1 : 12800 

Anti K-7r)2 

1 : 3.2 X 19® 

1 : 12800 

Anti D-H4 

1 : 3200 

1 ; 3.2 X lO® 


ride would remove all of tlie cross-reaclive antibody. The results, which 
were unsalisfacloiy, are presented in table IV. 


Table 4. 

Anticomplementary activity and specific combining power of immune sera, 
absorbed with capsular polysaccharides. 


Immune serum 
Absorbed with 

Anliconiplcinen- 
tary tiler 

Specific combining power 

rum 

1 

1 : 00 1 

Antigen K-II'i Antigen D-IJ'i 
1:192 1:384 


1 : 90 

1 

1 :192 1 :3072 

moooo 

1:24 

1 

1 : 384 1 : 384 

Anti D-H4 

1 : 10000 

1 : 24 

1:48 1 : 3072 


Absorption was carried out with equal volumes of serum and of the 
antigen dilution stated in the table. The bacterial antigens wore standardized 
to contain 1000 million cells per ml. 


In the first attempt, absorption was made with a quantity of poly- 
saccharide, sufficient to give a slight antigen excess, as determined 
in precipitation tests. The absorbed sera became extremely anti- 
complementary, possibly indicating that the precipitation had been 
incomplete, and that small soluble antigen-antibody complexes re- 
mained in the supernatants. It was thought that this might have been 
due to a too large antigen excess, and a dose from the equivalence zone 
was chosen for the next attempt. After absorption with this quantity, 
allowing several days in the refrigerator for completion of the reaction, 
the supernatants were less anticomplcmcntary than in the first ex- 
periment, but no reduction of the titers, cither homologous or hetero- 
logous, could be detected. 

Thus attempts to absorb the cross-reacting antibody were unsuc- 
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cessful Thus It IS possible that somatic antigens may have played ^ 
role m the cross- reactions, but it is perhaps more likely that th! 
failure may be due, either to failure in selecting a proper dose for 
absorption, or to some degree of degradation of the polysaccharides 
in the process of purification, which has reduced their specific com 
bining power. This would also account for the fact that cross-reac- 
tions wth polysaccharides were weaker than one might have expected 
after the strong reactions with the complete bacterial antigens. 


Discussion. 

It appears from the results that the predominant sero-type in this 
material, isolated mainly from mild chronic infections like ozaena 
and chronic bronchitis is different from the type found to predominate 
in Julianelle’s material. It is possible that differences in the selection 
of the strains may account for this difference. Julianelle’s strains to 
a larger extent originated in more severe infections, such as Fried- 
lander pneumonia, a disease which seems to be rare in Norway. This 
question must be left open for future studies. 

The complement fixation reaction seems to be well suited for the 
study of mucoid organisms, if sufficient incubation time is allowed 
for completion of the reaction. The reaction seems to be more sensi- 
tive when it is a question of detecting minor, cross-reacting antigenic 
components, than either the agglutination or precipitation reactions. 

The failure of the precipitation technique to demonstrate the 
cross-reacting antigens in this study may possibly be due to the 
formation of small, soluble antigen-antibody complexes, which are 
too small to precipitate, but large enough to fix complement. 

No decision could be achieved as to whether the cross-reaction 
between a Klebsiella and a mucoid diplobacillus from the same patient 
was due to cross-reacting capsular polysaccharides only. Ample e\i- 
dence was obtained, however, to show that the tw'o polysaccharides 
were not identical. 

There is thus no evidence to indicate that the peculiar similarities 
between these two strains are anything more than coincidences. The 
results are further confirmation of the observation that cross-reactions 
between polysaccharides of different origin are fairly common. 

The cross-reaction between a mucoid diplobacillus and a mucoid 
staphylococcus is of some interest, but a complete analysis of this 
reaction can not be offered at the present time. 


Summary. 

The predominating sero-type among a number of Klebsiella 
strains, isolated from various mild, chronic infections, appears to he 

some other type than Julianelle’s type A. • n . 

A mucoid strain of P. aeruginosa was found to be serologica J 
unrelated to a Klebsiella, isolated from the same patient. 
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A mucoid diplobacillus showed a marked cross-reaction with a 
Klebsiella from Ibc same patient, and also with a mucoid Staphylo- 
coccus aureus from a different patient. 

The former cross-reaction was found to he due, in part at least, 
to cross-reacting, hut different capsular polysaccharides. 

The complement-fixation .seems to he more sensitive than other 
reactions in detecting antibodies against mucoid organisms of these 
types, and particularly, cross-reacting antibodies. 
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ON HAEMAGGLUTINATION BY ESCHERICHIA COLI 

By F. Kauffmann. 

(Received for publication December 9th 1947.) 

Having worked on the serology of the Coli group during the past 
few years, especially on the distribution of the haemolytic strains 
among the various serotypes, it became natural to include the haemag- 
glutination of the Coli bacteria in these investigations. Our previous 
experiments had made clear the fact that haemolytic Coli strains parti- 
cularly often range among certain serotypes of the 0-groups 4 and 6, 
whereas not one strain of 0-groups 8 and 9 cause haemolysis. 

As long ago as in 1902 R. Kraus and St. Ludwig reported on haemag- 
glutination by bacteria. They demonstrated that a Vibrio strain (Paris) and 
a strain of Staphylococcus aureus haemolyticus agglutinated rabbit erythro- 
cytes in test-tubes, whereas typhoid bacilli caused no agglutination. The 
authors gave no indication of whether Coli strains wei’e tested in tliis 
respect. 

Afterwards, in 1908, G. Guyot published further studies of bacterial haem- 
agglutination and established the fact that many Coli strains possess the 
property of agglutinating the erythrocytes of various animals. He employed 
slide-agglutination and a 5 % suspension of erythrocytes in saline. He sliowed 
that formalin-killed bacteria retain their agglutinating property. 

In 1943 L. Rosenthal wrote on the »Agglutinating properties of Escherichia 
coli«, and confirmed and amplified Guyot’s results. For example, he de- 
monstrated that heating for two minutes at 100° C. destroyed the agglutin- 
ability of the culture, whereas alcohol treatment left it unaffected. Of 70 
Coli strains isolated from faeces and tested, 12 strains agglutinated human 
erythrocytes. 


Own Investigations. 

The tests were made with living Coli cultures from 20-hour agar 
plates. The culture was stirred direct xvith a needle into a drop of 
10 % blood (in saline solution) on a slide. After the slide had been 
tilted back and forth for about thirty seconds the reaction was read 
with the naked eye; in doubtful cases a lens (8x) was used. 

The blood used was from man, guinea-pig, horse, rabbit and chick. 
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Chick blood was chosen for the reason that experiments with viruses 
(Hirst test) have shown that this kind of blood is particularly 
suitable for haemagglutinalion. Some tentative tests showed that it 
is immaterial whether one employs 5 % or 10 % blood and whether 
the blood is washed or not. 

In making the tests, each strain was tried against all five kinds 
of blood at once. A total of 112 Coli strains of known antigenic struc- 
ture and known haemolytic property were tested. Thej' represented 
the first 25 0-groups, with particular reference to 0-groups 2, 4, 6, 
8 and 9. Of the 112 strains, 34 gave no agglutination in the five kinds 
of blood tested, and 94 strains were not haemolytic. 

Thus it was found, in complete accord with the results published 
in the literature, that Coli bacteria possessed of haemagglutinating 
properties are of frequent occurrence and that haemagglutination does 
not run parallel with the haemolytic property. Whereas almost all 
haemolytic strains (there was one exception) were haemagglutinating, 
many strains not producing haemolysis gave strong haemagglutination. 
In other words, the haemagglutinating property is more frequent than 
the haemol 3 dic and is distributed — though not regularlj' — among 
all 0-groups so far tested. 

On this matter of regularitjq the point is that 0-groups 4 and 6 
were outstanding, giving haemagglutination particularlj’^ often, where- 
as 0-groups 8 and 9 possessed this property much less frequentl 3 \ In 
the table will be found the results of tests with 14 strains of 0-groups 
4 and 6 and 14 strains of 0-group 9. As twelve strains of 0-group 8 
behaved in the same manner as the strains of 0-group 9, and eleven 
strains of 0-group 2 as those of 0-groups 4 and 6, I have omitted to 
show these results in tabular form. 

The table shows that of 14 strains from 0-groups 4 and 6, 12 
caused haemagglutination, at least in one kind of blood but usually in 
several or all the samples tested. Of 14 strains from O-group 9, onlj-^ 5 
caused haemagglutination, and in most cases it was only weak. The 
strongest reactions were obtained with guinea-pig blood, followed by- 
chick and horse blood, whereas rabbit and human blood agglutinated 
less strongly and less often. In other words, agglutination did not 
always occur in all five blood samples, human blood especially failing 
in some instances. Tlierefore, if it is the intention to test a large 
number of Coli strains for their haemagglutinating property% it will 
111 future suffice to work with guinea-pig and human blood, the two 
extremes. 

The difference between 0-groups 4 + 6 on the one hand and 
O-group 9 on the other was most e-sddent in the case of human blood, 
for 9 of 14 strains from the former group (4-1-6) gave a positive 
reaction, whereas only 2 out of 14 strains of the latter group (9) 
reacted positively. When chick blood was used, a total of 12 positive 
reactions was obtained in groups 4 + 6, but in group 9 only 4. Of 9 
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haemolytic strains in group 4 and 6, 8 were also hacniaggluUnating 

Whether or not the strains were possessed of L-antigen did not 
affect their haemagglutinating property, as both forms, L plus and 
L minus, of strain U 5/41 (0-group 1) agglutinated guinea-pig blood 
strongly, the other kinds of blood only weakly. 

The haemagglutinating property was not destroyed by heating a 
bacterial suspension (in NaCl) at 70® C. for one hour in a -waterbath 
although this treatment killed the bacteria. But bacteria heated for 
5 minutes at 100° C. no longer caused haemagglutination. Treating 
with 1 % formalin, though killing the bacteria, did not affect the 
haemagglutinating property. 


2'able 1. 

Haemagglutination by Escherichia coli. 


Strain 

Antigen 

Haemo- 

lysis 

Erythrocytes from 

o 

1 '' 1 

H I 

Hen 

1 Rabbil j 

Horse 1 

Guinfa-i'iflj 

Man 

U 4/41 

4 

3 L 

5 

-f 

+ 

+ 

+ 

-f 

-f 

A 104a 

4 

3 L 

. 


— 

— 

— 

— 

— 

Bi 7457/41 

4 

6 L 

5 

+ 


“T 

+ 


+ 

A 93a 

4 

12 L 

5 


-h 

(+) 

(+) 

-h 

+ 

Su 65/42 

4 

12 L 



-f 

.(+) 

(+) 

-1- 

+ 

A 77b 

4 

52 L 

4 

— 

-h 

-1- 

-h 

+ 

-f 

A 103a 

4 

52 L 

• 

— 

c+) 

(+) 

-h 

-h 


Bi 7458/41 

6 

2 L 

1 

+ 

-1- 

•+ 

-f 


+ 

Su 4344/41 

6 

13 L 

1 

+ 

-f 

-1- 

-f 

-f 

X 

PA 151 

6 

13 L 


— 

{+) 

— 

— 

— 

— 

K 14b 

6 


10 

-f 

+ 

-f 

-t- 

-f 

{+) 

F 8316/41 

6 

15 L 

16 

— 

(+) 

C+) 

■ (+) 

1 

T 

— 

PA 236 

6 

53 L 


+ 

-f 

+ 

-f 



A 12b 

6 

54 L 

10 

— 

— 

— 

— 



Bi 316/42 

9 

9 L 

12 

— 

+ 

+ 

-f 

-f- 

(+) 

A 354b 

9 

26 A 

10 

— 

— 

— 

— 



Bi 449/42 

9 

26 A 


— 

— 

— 

— 



K 14a 

9 

28 A 

. 

— 

— 

— 

— 



Bi 161/42 

9 

29 A 


— 

— 

— 

— 



A 43c 

9 

30 A 

19 

— 

— 

— 

(+) 

(+) 


A 292a 

9 

31 A 

4 

— 

— 

. 

— 



Su 3973/41 

9 

31 A 

. 

— 

— 

— 

— 


. 1 \ 

A 95b 

9 

32 A 

5 

— 

-f 

-f 

+ 

+ 


II 30 

9 

32 A 

10 

— 

-f 

(+) 

(+) 

(+) 


A 45 a 

9 

32 A 


— 

{+) 

t+) 

( + ) 

(“t) 


Ap. 189 

9 

33 A 

. 

— 

— 

— 

— 



A 55a 

9 

34 A 

. 

— 

— 

— 

— 



F 294a 

9 

36 L 

- 








Explanation of signs: -f = positive, (-f) — weak positive, negati\c. 
Haemolysis = tested by horse erythrocytes. 
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Discussion. 

The object of this investigation was solely to ascertain the distribu- 
tion of the haemagglutinaling Coli strains among the more important 
Coli 0-groups and types, and therefore I refrained from fundamental 
examinations of the nature of haemagglutination (apart from the 
resistance test just referred to). 

These results have helped to add one more indication to the already 
known differences between various 0-groups and types. The special 
position occupied by 0-groups 4 + 6 on the one hand, and 0-groups 
8 + 9 on the other, also becomes distinctly evident when liaemagglu- 
-tination is taken into consideration. Whereas haemolysis and hacmag- 
glutination arc verj’ frequent within 0-groups 4 + 6, haemolysis is 
completely absent in 0-groups 8 + 9 and haemagglutination is relatively 
rare. As moreover these two groups (4 + 6 and 8 + 9) according to 
Ewertsen and Sjostedt’s results also differ by the fact that the occur- 
rence of toxic and necrotizing strains arc much more frequent in the 
former group (4 + 6) than in the latter (8 + 9), the difference be- 
tween them is definitely established. 

I must specially point out that not all types within one 0-group 
behave in the same manner, and therefore the 0-group determination 
alone will not suffice to solve Coli problems; it must he supplemented 
with a t3'pe diagnosis. 

On the basis of all results so far (results which I have recently 
gathered into a Coli-review) wc may take it for granted that most 
tj'pes within 0-groups 4 and 6 are possessed of higher pathogenicity 
than the types within 0-groups 8 and 9. The main differences maj’ he 
given schematically as follows: 


Differences between types of the 0-groups. 


4 + G 

1. Frequently liaemolytic 

2. Frequently liaemngglutinatiug 

3. Frequently necrotizing 

4. Highly toxic to mice 


8 + 9 

1. Non-haemolytic 

2. Rarely haeniagglutinating 

3. Rarely necrotizing 

4. Weakly toxic to mice 


Within 0-groups 4 and 6 wc liavc exclusively to do with L-antigens 
(thermolahilc envelope antigens) in so far as these tj'pcs ])ossess K- 
antigens at all, whereas in 0-groups 8 and 9 wc have partly A and 
partly L or B antigens. Within 0-group 9 the A-antigens, i. e. thermo- 
stable capsule antigens, which arc different from L-antigens, are 
greatly predominant, however. 

These investigations provide no information as to the active prin- 
ciple that causes haemagglutination. 


Conclusion. 

The distribution of haemagglutinating Coli strains among the 
various serotypes and 0-groups is described. 
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dilution IS distributed on a series of test tubes, 10 cc. in cacli( nnrl 
dilute bentonite sol is added to the tubes in increasing amounts - 
described under titration of fibrinogen (section »Bleeding«). After 
standing for 10 min., precipitation of fibrin appeared in tube No 13 
corresponding to an addition of 13 % bentonite sol to the serum dilu- 
tion 1 -f 3. 

The main portion, 30650 cc., is mixed with 50 1. distilled water, in 
which 460 g. sodium acetate has been dissolved. The mixture is acidi- 
fied to pH 5.5 with hydrochloric acid. Under vigorous stirring, the 
calculated amount of bentonite sol, 15940 cc., is added. 

After standing for one hour the mixed precipitate is centrifuged. 

The centrifugate is neutralized wdth ammonia to pH 7.0. 

Filtration through Seitz EK. plates. 

Salting-out of the filtrate (88 liters) in 55 % saturated ammonium 
sulphate by solution of 25.5 kg. autoclaved (NH^) 2 SO^ in the fluid. 

The salting-out product is separated by filtration, then pressed and 
dialyzed as described in the preceding sections. 

The dialysate amounts to 8000 cc., with the protein content of 
8.6 %, and an antitoxin titer of 850 A. U. per cc. 

Antitoxins prepared wnth employment of this simple technique will 
still contain a greater or smaller amount of euglobulin, and hence it is 
not advisable to use these preparations in the human therapy. 

Summary. 

A detailed description is given of the preparation of purified anti- 
toxins from the blood of immunized horses, besides of the apparatus 
and reagents used for the preparation. 

The blood is defibrinated with bentonite. Blood corpuscles and 
fibrin are removed by centrifuging. 

The solution of serum proteins is submitted to proteolysis with 
pepsin in acid fluid. 

The unspecific protein is removed from the solution by adsorption 
with aluminium hydroxide gel. 

The solution of antitoxin-carrying protein is concentrated by uUra- 
filtration, salting-out and dialysis. 

The preparations thus obtained are of pure pseudoglobulin char- 

jictcr 

The preparations are tolerated well by the patients treated with 
them. They keep, unchanged, and the solution remains clear, without 
any' sediment, even on storage for years. 
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SOME UNUSUAL MUCOID ORGANISMS 

By Svcrrc Dick llcnrii:sc]i. 

(Received for iniblication November 2Sth, 1917). 

In a previous sUidy of chronic rcspiralorj' diseases (1), the ob- 
servation vvas made that is was not unusual to isolate more than one 
mucoid organism from the same culture. It was thought that this oc- 
curred more frequently than one would expect as a chance coincidence. 

The present sludj’ was undertaken in order to seek more informa- 
tion as to the significance of this observation. 

A number of different mucoid strains were isolated for further 
study. Among these, there were some unusual organisms, which arc 
described below. 

A. A mucoid strain of Pseudomonas aeruginosa. 

A blood agar culture from a ease of chronic bronchitis was found 
to contain a number of mucoid colonics, which looked like typical 
Klebsiella colonics. The only unusual thing about the culture was 
a strong smell like that of pyocyancus cultures, although no colonics 
of this species were found. When the culture was left on the desk 
for a couple of days, some of the mucoid colonics were found to 
dry out rapidly, leaving only a thin, shrivelled granulated film, while 
others remained moist and raised. On subculture, the latter colonics 
were found to represent the usual type of Klebsiella, found in such 
conditions, whereas the quick-drying type was found to produce a 
yellowish-green pigment, often a metallic lustre of the surface of the 
colonies, and the characteristic odor of Pseudomonas aeruginosa. The 
latter strain had the following properties: 

Morphology: Short gram-negative rods like typical pyocyancus 
bacilli. Stained by the India ink method of Butt, Bonynge and Joyce 
(2), they were found to be surrounded by somewhat irregular capsular 
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spaces. There also seemed to be a considerable quantity of intercclluhr 
material, probably free capsular substance. The rods ^vere non-motilo 

Colonies: 24 hours old colonies are indistinguishable from Klehsi 
ella colonies, raised, strongly mucoid, of a thin, syrupy consislcncv 
After 48 hours at 37 C or 3—4 days on the desk the colonies shrink 
to thin granulated films, usually with a metallic lustre. (Photo no 1) 

Subcultures from young, mucoid colonies usually gave a pure 
growth of the same type of colony, whereas subculture from older 
colonies gave a mixture of mucoid and non-mucoid colonies. Thus the 
strain had a marked tendency to produce non-mucoid mutants, this 
tendency being most marked at 37 C, less at lower temperatures'. The 
non-mucoid colonies wmre of two types, one just like the usual pyo- 
cyaneus colony, the other smaller, smooth, raised with a navel-shaped 
depression on the top. This latter type was unstable and changed into 
the former type on subculture. 

By always selecting strongly mucoid colonies for subculture, it 
has been possible to maintain the strain in the mucoid state for about 
2 years so far. 

Cultural and biochemical properties: Good growth on all the usual 
media between room temperature and 37 C. In broth even turbidity 
and a surface pellicle, later a viscid sediment. Poor growth under 
a vaseline seal. 

Potato: thick brownish growth with a metallic lustre. 

A yelloAvish green pigment is produced on all media. 

Fermentation : Weak acid production from glucose. Maltose, lactose 
sucrose and mannitol are not fermented. 

Milk: Coagulated in 48 hours, later slowly peptonized. 

Gelatin: Sacculiform, later complete, liquefaction. 

Serum slants: No liquefaction. 

Nitrates are reduced to nitrites, but indol is not produced in peptone 


broth. 

A solution of dimethyl paraphenylene diamine gives a positive ox- 
ydase reaction. 

H,S is produced in lead acetate agar. 

Classification: The strain must be considered as a mucoid strain 


of P. aeruginosa. 

Comment. Mucoid strains of P. aeruginosa are rare in human ma- 
terial. They are also stated to be rare elsewhere in nature. Such strains 
have been described previously by Sonnenschein (3), by Dahr and 
Kolb (4) and possibly by Pottien (3). Reid, Harris, Naghski and Gat- 
chell have studied the dissociation of this species and have seen the 
mucoid form (5). The original reports on these forms were not 

available. , , • r 

The simultaneous presence of this strain and a typical strain oi 

Klebsiella in the same sample should be noted. 
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B A mucoid strain of Staphylococcus aureus. . , j ^ 

A throat swab from a case of chronic rhino-pharyngitis yielded 
practically pure growth of a strongly mucoid organism with white 
or ivory colored colonies. It was found to consist of gram-positive 


micrococci. _ , „ 

Morphology: Gram-positive cocci of the size, shape and arrange- 
ment of staphylococci. Stained by the India ink method (2) they w'ere 
found to be surrounded by distinct capsular spaces. 

Colonies: Large. 3—4 mm after 24 hours, moderately raised, very 
moist and confluent, of a thin, not markedly viscid consistency. The 
pigment varied in different cultures from pure white to pale yellow, 
and usually was concentrated in the centre of the colony, whereas 
the periphery was colorless or greyish, transparent. The yellow^ color 
was most marked in cultures cultivated at room temperature. The 
strain has remained quite stable in the mucoid state for about 2 years, 
with no tendency to dissociate (Photo no. 2). 

Cultural and biochemical properties: Good growth on all the usual 
media. Broth cultures showed even, dense turbidity. 

Fermentation: Acid was produced from glucose, maltose, lactose, 
sucrose, mannitol, dulcitol, trehalose, levulose, dextrin and inulin, but 
not from salicin, aesculin, rhamnose, arabinose, xylose, sorbitol or 
starch. 

Gelatin: Sacculiform liquefaction from the 3rd or 4lh day. 

Milk: coagulated within 14 days. 

Nitrates are reduced to nitrites but neither indol nor H^S are 
produced. 

No distinct hemolysis on blood agar. 

Crystal violet agar (1:300000): growth with violet colonies which 
later turned yellow in the centre. 

0.017 % bromothyniol blue agar: good growth. 

Plasma coagulase test: positive in hours. 

Mice were killed by intraperitoneal injection of 0.5 ml 24 hour 
broth culture, but not by 0.05 ml. 

Classification: This strain gives the reactions of the pathogenic 
type of Staphylococcus aureus: fermentation of mannitol, violet growth 
on crystal violet agar, growth on bromothymol blue agar, and plasma 
coagulase test. The production of pigment was weak and irregular, 
but sufficient to show that it must be the aureus variety. 

Comment. Mucoid forms of Staph, aureus have been described by 
Sonnenschein (3), Oesterle (6) and by Gilbert (7). All strains produced 

a strong yellow pigment, and the two latter strains were pathogenic 
to mice. 


Bigger, Boland and O’Meara (8) studied the dissociation o 
staphylococci and found some »viscid« forms, which, however, seemec 
to be more closely related to the R-form than to the M-form Ap 
parently they were not encapsulated. 
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formata® ““ “““ '™n-s- 

C. A mucoid diplobacillus and an unusual strain of Klebsiella 

A nose swab from a case of chronic rhino-pharyngitis, among other 
organisms, gave growth of a pneumococcus type III and some fairly 
large, dry colonies with a navel-shaped depression. After the culture 
had been left on the desk for some days, an additional type of colony 
had appeared. This was a strongly mucoid colony of the Klebsiella 
type. 

Subculture at 37 C in an electric incubator, gave extremely poor, 
dry growth of both the navel-shaped colony and the mucoid one. At 
30 C, however, both colonies gave a luxuriant, strongly mucoid gro\ylh, 
indistinguishahle from that of Klebsiella. Further study showed that 
the navel-shaped type of colony conformed with Klebsiella in all 
respects except its unwillingness to grow at 37 C under usual con- 
ditions, whereas the mucoid colony from the primary ‘culture was 
found to be a diplobacillus, the properties of which are reported below. 

Both these strains were peculiar in their demand for a humid 
athmosphere. When cultivated at 37 C in the incubator, the Klebsiella 
only produced a very meager, dry growth on the part of the plate 
where the inoculum had been deposited, and the diplobacillus either 
failed to grow' alltogether, or produced an extremely meager, dry 
growth. When films W'ere prepared from such grow'th, both strains 
showed extreme pleomorphism, with large sw’ollen rods and pale 
»ghost cells«. Large »spherical bodies« wmre also produced, and other 
bizarre forms. Dumbbell shaped cells were frequent in the diplobacil- 
lus. (Photos nos. 3 — 9). 

When the same strains were cultivated at 37 C in a closed jar, 
containing w'ater, they ahvays gave luxuriant, strongly mucoid growth, 
w'hich show'ed no pleomorphism on microscopical examination. Similar 
growih w'as obtained in an incubator at 30 C or on the desk. The 
pleomorphism could be reproduced at will by cultivating at 37 C in 
a dry athmosphere. (Photos nos. 3 — 9). 

None of the other mucoid organisms studied have shown this ex- 
treme sensitiveness to drying, nor similar pleomorphism. 

Apart from this peculiarity, the strain of Klebsiella behaved as 
most other strains, and there is no need to describe its properties in 
detail. 

The mucoid diplobacillus had the following properties; 

Morphology: When growm in a humid athmosphere, the strain pro- 
duced short, plump rods xvith a marked tendency to appear in pairs or 
in short chains. Grown at 37 C in a dry athmosphere it showed the 
pleomorphism described above. 

The rods wmre non-motile, and wmre surrounded by large capsular 
spaces in India ink preparations. In the pleomorphic organisms the 
capsules still seemed to be present but very much reduced in size. 
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Cultural and biochemical properties: Luxuriant, mucoid growth on 
all solid media, if a humid athinosphcre was provided. Very poor or 
no growth on all media in a dry athmosphere at 37 C. The colonies, 
when drying was prevented, were large, raised, confluent, moist, 
moderately viscid, just like most strains of Klebsiella. , 

In liquid media growth was very poor at 37 C, better at 30 C, both 
in plain and rich media. 

No carbohydrates were fermented, neither indol nor H^S produced 
and neither gelatin nor serum liquefied. 

Nitrates were reduced to nitrites, and a positive oxydase reaction 
was obtained with dimethyl paraphenylenediamine. 

Mice were killed by intrapcritoncal injection of 500 million and 
50 million organisms, but not by smaller doses. 

Classification: This strain docs not conform with any species listed 
in Bergey’s manual, nor with any described in the available literature. 
In a recent study (9), however, some diplo-hacilli from the genito- 
urinary tract were described, which show a marked similarity with 
this strain. Such strains were also found in the respiratory tract. These 
diplobacilli w’ere not mucoid, hut otherwise had all the properties of 
this mucoid strain. Tliey were thought to he related to H. duplex, and 
to represent a new species of diplobacilli. 

It seems that the mucoid strain described above must he the mucoid 
form of this species, the classification of which has been discussed 
previously (9), 

Comment. This is another case where two different mucoid gram- 
negative rods were isolated from the same case of chronic inflamma- 
tion of a mucous membrane. Both strains grew with exactly the same 
tjqie of mucoid colony, showed the same sensitiveness to di-jung, and 
a similar pleomorphism, when exposed to a dry athmosphere at 37 C. 
Such behaviour is unusual in Kiclxsiella. None of the other strains of 
Klebsiella studied were sensitive to drying. In the diplobacillus, on 
the other hand, it may be the normal behaviour. This type of diplo- 
bacillus has been shown to be unwilling to grow' in a dry athmosphere 
at 37 C. But none of the strains, described previously, were mucoid. 
Thus it may seem as if these tw'o strains, growing together on the 
same membrane, had borrowed some characteristics from each other. 

It may be w-ise, how'ever, to consider this just a set of unusual 
coincidences, in the absence of more tangible evidence. 

It is interesting to note that the mucoid diplobacillus w'as patho- 
genic to mice, w'hereas the non-mucoid strains studied previously, 
were non-pathogenic even in large doses. 


Summarij, 

Some organisms, rarely seen in the mucoid stage, are described. 
Une w'as a mucoid strain of Pseudomonas aeruginosa, found together 
w'lth a strain of Klebsiella. ^ 

The second w'as a mucoid Staphylococcus aureus. 



490 


The third and fourth strains, isolated from the same case, were 
a strain of Klebsiella and a mucoid diplobacillus. The colonies of these 
strains were indistinguishable from each other, and they both were 
very sensitive to a dry athmosphere at 37 C. They showed a marked 
pleomorphism, characterized by large, swollen cells and spherical 
bodies, when incubated at 37 C in a dry athmosphere. 

The mucoid diplobacillus was pathogenic to mice, whereas the 
smooth stage of the same organism has been found to be non-palho- 
genic. 
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Photo no. I. 
Mucoid strain of P. 
aeruginosa X 5. 



Photo 110. :i. 
Klebsiella, incubated in 
moist atliinosplicrc. 

X 4. 



Photo no. -. 

Mucoid Stapliylococcus 
aureus. X i. 



Photo no. 'i. 

Diplobacillus. incubated 
in moist atlunospliere. 
X 4. 



Photo no. a. 

Klebsiella, linmid atli- 
mosplierc. India ink 
preparation. X 1850. 



Photo no. a. 
Diplobacillus, liuniid 
atlimosplicre. India ink 
prei)aration. X 1850. 
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Photo no. 7. Photo no. 8. 

Klebsiella. Dry atlimospliere . Diplobacillus. Dry athmos- 

at 37 C. Pleomorphic organ- phere. Pleomorphic organ- 
isms with large swollen isms. Gram’s stain. X 1850. 

cells. Gram’s stain. X 1100. 



Photo no. 9. 

Klebsiella. Dry athmosphere 
at 37 C. India ink prepara- 
tion. Pleomorphic organisms 
with irregular capsules. 

X 1850. 



"KJS-is ssiss' sxss'!st;s "■ 

Sluuii, TI1J0TTA, M. D. 



SEROLOGICAL CROSS-REACTIONS BETWEEN 
UNRELATED MUCOID ORGANISMS 

By Svcrre Did: Hc7vn:sctt. 

(Received for publication November 2Stb, 1947). 

In previous papers (1,2) it has been shown that two or more 
mucoid organisms can sometimes he isolated from the same patient. 
This seems to he true particularly in certain chronic diseases of the 
mucous membranes, which practically constantly give growth of 
microbes classified as Klebsiella. 

Several explanations might he suggested to account for this fact. 
1, To start with the simplest explanation, it might he a mere chance 
coincidence. Study of a large material, collected from such conditions 
and from normal persons, would he necessary to prove or disprove 
this hypothesis. 

2. It might he due to some selective factor, favoring the establish- 
ment of mucoid organisms on the mucous membranes, c. g. some agent 
inhibiting the growth of certain organisms in the smooth, hut not in 
the mucoid state. Tlie predominance of Klebsiella strains in such con- 
ditions could be explained by assuming a higher mutation rate in the 
bacteria which give rise to the Klebsiella strains (possibly Escheri- 
chia), than in other organisms. Only bacteria with a comparatively 
high mutation rate might have a reasonable chance of establishing 
themselves in the mucoid state, before being suppressed by the selec- 
tive agent. 

3. The studies of Avery et al. (3,4,5 )and of Boivin et al. (6, 7) 
on type transformation suggest the possibility of transfer of gene 
material between two organisms growing in the same place. So far, 
type transformation has only been observed within the same species. 
Whether it is possible between more distantly related or unrelated 
species is unknown. 

These three hypotheses would not necessarily exclude each other. 
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mucoid organisms, isolated from the same 
P tient, might possilily give some indication as to which hypothesis 
was most likely in a given case. 


Material and methods. 

The strains studied include the unusual strains described in Ihe 
preceding paper (2), namely: 

A mucoid strain of Pseudomonas aeruginosa, — Strain P~752 
A Klebsiella strains for the same patient, — Strain K— 752 

A mucoid diplobacillus, Strain D~II/, 

A Klebsiella strain from the same patient, — Strain K~IU 
A mucoid Staphylococcus aureus, ’ — Strain LKA 

In addition, 25 other mucoid gram-negative rods, collected from 
various sources, were included in the study. These strains were isolated 
from the following sources: 


Chronic rhino-pharyngitis (inch ozaena) 7 strains 

Asthma and chronic bronchitis 8 strains 

Bronchopneumonia 2 strains 

Pleurisy 1 strain 

Liver abscess 1 strain 

Purulent infections 2 strains 

Urinary infections 3 strains 


The cultural and biochemical reactions of these strains were studied 
in some detail, in order to get an idea as to which types were pre- 
valent. 


Serological methods. 

Immunization: Rahhits were immunized by intravenous injections 
of formalin-killed bacterial suspensions on the first 5 days of each 
week for 3 — 4 weeks. Dosage started about 500 million organisms 
and increased gradually up to about 5000 million. Additional courses 
were given if lest bleedings were found to be of insufficient titer. 
Serological tests: Attempts to utilize the agglutination reaction were 
not successful. Satisfactory tilers were not obtained. The complcmenl 
fixation reaction gave more promising results, hut considerable vorK 
was necessary to find the most satisfactory method. The first attempts 
were made with incubation in a water bath at 37 C for 30 to 1 hour. 
Whereas homologous reactions usually were satisfactory with an in- 
cubation time of 1 hour or even 45’. some cross-reactions gave variable 
results, and after incubation for 30’, even the homologous reactions 
became inconsistent. It appeared as if the reaction with Klebsiella anti- 
gens was somewhat sluggish, and required considerable time 
completed. This may possibly be due to the high viscosity of the 
antigens. 
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Incubation at 4 C for 20 hours gave more salicfaclory and repro- 
ducible results. The technique finally adopted was the following: \\o- 
fold dilutions of inactivated imnuinc scrum were made up in 0.2 nil 
volumes, starting with 0.1 ml of scrum (the dilutions were actually 
prepared in larger volumes, to obtain greater accuracy, and 0,- ml 

volumes pipetted into a series of tubes). 

Antigen: 0.2 ml of saline suspensions of heat-killed organisms, 
standardized to contain between 1000 and 2000 million cells per ml. 
Complement: 0.2 ml volumes, containing 2 hemolytic units (the unit 
determined as the smallest quantity necessary to give complete hemo- 
lysis with 0.4 ml 1.5 % sheep hlood corpuscles, sensitized with 4 units 
of hemolytic amboceptor). 

Incubation at 4 C for 20 hours. After incuhation, addition of 0.4 ml 
of sensitized sheep blood corpu.scles, and renewed incubation at ‘,M C. 
The tests were read after 15’, and again after complete sedimentation 
of the blood corpuscles at room temperature. 

Titers arc given as Ibe scrum dilution in the total reaction mixture 
of 0.6 ml, in the last tube that gives at least 50 % fixation (i.c. less 
than 50 % hemolysis). Thus the serum dose 0.1 ml would correspond 
to the titer 1 :G. 


Experimental. 

A. The properties of the Klebsiella strains. 

Type of colony: Two different types of colonics could he 
distinguished with comparative ease. The predominant type (21 
strains) was large, moderately raised, confluent, of a thin, syrupy, 
not very viscid consistency. The second type (2 strains) was larger, 
domed, of a firmer, more viscid consistency, like a sticky jelly. 4 
strains differed slightly from the others, the colonics, while resembling 
the predominant type, were smaller, and one of them showed a marked 
tendency to split out smooth mutants. of these strains were isolated 
from urinary infections. These strains differed from the others in 
other respects also, and were considered as mucoid strains of E. coli, 
rather than Klebsiella, that is if there is any real difference hclwccn 
the two. 


Fermentation reactions: On bromothymoi blue lactose agar only 
4 strains produced an acid reactions. 23 strains grew \vilh blue co- 
lonics. All strains produced acid from glucose, maltose and mannitol. 
Lactose was fermented by all but 4 strains after 24 hours to 7 days, 
and sucrose was fermented by 4 strains only. Only 8 of the strains 
produced gas, ,3 urinary strains produced indol, and 3 of the strains, 

two of which were urinary, were weakly motile. 4 strains ijroduccd 
H;S. 

All strains gave a positive methyl red test, and all, except one a 
negative Voges Proskauer test. 

Thus a similar variation was found in this material as in most 
previous investigations of this group. 
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B. Complement fixation reactions of Klebsiella strains, 
in fixation tests were set up in two differcm mli 

Klebsiella immune sera (serum anti-K-H4 and serum anli-K- 75 -) ‘ 
wnth 25 different strains as antigens. The homologous tiler of bolli 
sera was 1:192. 18 strains gave reaction up to the homologous tiler 
withm the experimental error. All variations on repetition of the tests’ 
were within one tube below’ or above the homologous titer. 7 strains 
gave negative reactions, including 3 strains from urinary infections, 
the tw’o strains w’ith the domed colony, 1 ozaena strain and 1 broncho- 
pneumonia strain. 

Thus the majority of mucoid strains isolated from various chronic 
conditions of the mucous membranes seem to belong to the same sero- 
type. 


Tabic i. 

Cross-reacting antibodies to mucoid organisms demonstrated by fixation of 
complement. Antibody titers xvitli eonstant antigen dose. 


Antigens 


Immune sera 

Klebsiella 

K-752 

Kleb.siclln 

K-H4 

Diplobacillus 

D-Hl 

Staphylo- 
coccus. LKA 

P. ncruRiiiosa 
P-752 

Anti K-752 

192 

192 

192 

o§ 

0 

Anti K-H4 

96 

192 

192 

24§ 

0 

Anti D-H4 

48 

48 

3072 

96 

— 

Anti LKA 

0 

0 

192 

192 

— 

Anti P-752 

0 

0 

— 


7G8 


— : reaction not carried out. 

§ : These reactions gave variable results. 


C. Cross-reactions between Klebsiella and other mucoid organisms. 

Immune sera were prepared as described above against the mucoid 
strain of P. aeruginosa (anti-P-752), the mucoid diplobacillus (anli- 
D-H4) and the mucoid Staphylococcus (anti-LKA). 

Complement fixation tests w’ere set up with different antigens in 
these immune sera and the tw’o anti-Klehsiella sera. All tests^ were 
repeated on several occasions, and the results found to he consistent. 
All variations seemed to be w’ithin the experimental error The results 
are presented in table I. 

The table shows that the diplobacillus cross-reads in the two 
Klebsiella immune sera up to the homologous titer, w’hereas the K c) 
siella antigens only show’ moderate cross-reactions in the anli-dip o 
bacillus immune serum. Surprisingly enough, the mucoid staphylococ- 
cus shows marked antigenic similarly’ w’ith the diplobacillus. ic 
slight, and somewhat irregular, cross-reactions in anti-Klebsic la ini 
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munc sera with the staphylococcus antigen may indicate a slight anti- 
genic similarity, hut the reactions were not entirely convincing. 

The strain of P. aeruginosa showed no cross-reactions with the 
Klebsiella, isolated from the same patient. This negative reaction was 
confirmed by tests with crude, hut probably protein-free, capsular 
polysaccharides, prepared from the two strains. T hese polysaccharides 
gave homologous precipitation and complement fixation only. 

The cross-reactions hctwccn the diplohacillus and the Klebsiella 
from the same patient arc of particular interest in this study. The 
question arises whether these, strong, hut not complete, cross-reactions 
would he consistent with the 3rd hypothesis, suggested above, i. e. 
whether the cross-reactions might possibly he due to identical capsular 
polysaccharides. As it is unknown to what extent the capsular and 
somatic antigens contribute to the reactions in these cases, more de- 
tailed antigen analysis would he necessary to an.swcr the question. 

The cross-reaction hctwccn the diplohacillus and the mucoid sta- 
phylococcus, ailthough interesting, was not thought to he equally 
pertinent to this study, and was left for future consideration. 

D. Preparation and serological assay of capsular j)oIysacclinridcs. 

In view of the fact that the Klebsiella, strain K-H 1, gave complclc 
cross-reactions with a majority of Klebsiella strains, it was thought 
most likely that it was a representative of .luliancllc’s group A. The 
method used by Goebel and Avery (8) for Ihc preparation of the 
capsular polysaccharide of this group was conscqucnlly chosen as 
the one most likelj’ to succeed. 

30 agar plates each were inoculated with the two strains. After 
48 hours at 30 C (under which conditions a luxuriant mucoid growth 
was always obtained), the growth was harvcslcd and suspended in 
300 ml of water, after which the directions given in (8) were followed 
as closely as possible. 

The yields of capsular iiolysaccharidc were 0.45 G from strain 
K-H4 and 0.1115 G of strain D-H4. The yields were insufficient for 
a complete chemical analysis, hut some properties were examined. 
Both polysaccharides were greyish-white amorphous substances, wliich 
were fairly easily soluble in water (more easily in dilute alkali). 
Watery solutions were slightly opalescent, very viscous and gave a 
lather high acidity. About 2 % solutions of the polysaccharides had 
a pll of 2.22 for K-H4 and 2.37 for D-Ii4. 'I'lie biuret reaction was 
negative in fairly concentrated solution, and the Molisch test positive. 
One of the solutions reduced Fchling’s solution (D-I-I4), the other only 
after acid hydrolysis. Some other properties arc shown in table II. 
For comparison the properties of Friedlandcr polysaccharides, as stated 
m (8) and (9) are shown in the same table. 

It seems obvious that the degree of purification in these experi- 
ments was less satisfactory than in tlic studies referred to above. It 
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Origin of 
polj'saccharide 


Acid 

equivalent 


(«) 

D 


Nitrogen 


HiRlicst (lilullon 
RiviriR precipiialc 
ininiune seruni 


in 


Type A 

430-445 

—100° to —105° 

0 

l:2xi(r' 

Type B 

670—722 

4-100° to -f 102,5° 

0 

1:2X10'' 

T3'pe C 

575—681 

-f90° to 4-101° 

0 

1:2X10'' 

Strain K-H4 

604 

4-62°§ 

1 . 50/0 

1 : 2X10'' .$ 

Strain D-H4 

578 

4-10°§ 

2 . 60/0 

1:2X10'' $ 


§ : measured at pH 7. 

$: Slight trace of precipitate after centrifugation with this dilution. 


is felt that the small quantity of nitrogen probably represents sonic 
impurity. Serological tests, however, indicated that the degree of puri- 
fication might be sufficient for the purpose of this study. 

It is reasonably certain, when comparing the optical rotations of 
the different polysaccharides, that the one prepared from strain K-H4 
is different from that of Julianelle’s group A, contrary to expectation. 
It may however be identical with that of group B or group C. Studies 
of the reactions of autentic type-strains will be necessary to decide 
which. At any rate the sero-type, found to predominate in this col- 
lection of strains, seems to be another one than in Julianellc’s 
material (10). 

The differences in the optical rotations of the polysaccharides from 
strain K-H4 (s-K-H4) and from strain D-H4 (s-D-H4) suggest that 
these polysaccharides are different, although the purity of the pre- 
parations may not allow definite conclusions. 

Precipitation tests with various dilutions of the two polysaccharides 
in the two immune sera, gave homologous precipitation only. Each 
preparation reacted with homologous serum up to a dilution of 
1:2 X 10«. 

Complement fixation tests gave entirely different results, as shonn 
in table III. 

Both preparations produced complete fixation with the homologous 
serum up to dilution 1:3.2 X lO®, whereas cross-reactions did not go 
further than to dilution 1:3200 and 1:12800 respectively. 

Thus the cross-reactions between the two organisms seem to he 
due, in part at least, to related capsidar polj'saccharides. 

Some absorption experiments were carried out, in order to mf 
out whether absorption of a serum with the homologous polysacc la 
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Complement 


Table 3. 

fixation witli capsular polysaccharides. Constant dose 
(0.04 ml) and four-fold dilutions of antigen. 


Immune 

scrum 

IliRhesl rc.nclivi' 

nnli(^en <U!utlon 

AntlKcn S-K-Ill 

S-U-IIl 

Anti K-114 1 

1:3.2X10'’' 

1 : 12800 

Anti K-7r)2 

1 : 3.2 X 19" 

1 : 12800 

Anti D-I14 

1:3200 

1 : 3.2 X lO-’ 


of scrum 


ride would remove all of the cross-rcaclivc antibody. The rcsulls, which 
were unsatisfactory, arc presented in table IV. 


Table 4. 

.\nticomplementary activity and specific combining ])ower of immune sera, 
absorbed with capsular polysnccbaridcs. 


Immune scrum 
.-\bsorbcd with 


Anti K-H l 


.S-K-I14 
1 :4000 


■ Anlicompleincn- 
j lary liter 


Specific combining power 


j Antigen K-I a Antigen D-H'i 
! 1:102 1:3S4 


.Anti 

D-H4 

s-D-lll 

1 : 4000 

1 : 90 i 

j 

1 : 192 

1 : 3072 

Anti 

K-II4 

s-K-114 

1 : 10000 1 

1 : 24 i 

1 1 

1 : 384 

1 : 384 

•Anti 

n-H4 

s-n-H4 

1 : 10000 ! 

1 : 24 ! 

1 :48 

1 : 3072 


•Absorption was carried out with c(iual volumes of serum and of the 
antigen dilution stated in the table. The bacterial antigens were standardized 
to contain 1000 million cells jier ml. 


In the first attempt, absorption was made with a quantity of poly- 
saccharide, sufficient to give a slight antigen excess, as determined 
in precipitation tests. The absorbed sera became extremely anti- 
complementary, possibly indicating that the i)rccipitation bad been 
incomplete, and that small soluble antigen-antibody complexes re- 
mained in the supernatants. It was thought that this might have been 
due to a too large antigen excess, and a dose from the equivalence zone 
was chosen for the next attempt. After absorption with this (fuantity, 
allowing several days in the refrigerator for completion of the reaction, 
the supernatants were less anticomplementary than in the first ex- 
periment, but no reduction of the liters, either homologous or hetero- 
logous, could be delected. 

Thus attempts to absorb the cross-reacting antibody were unsuc- 
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cessful. Thus It IS possible that somatic antigens may have plavcd 
role in the cross- reactions, but it is perhaps more likclv that ^ 
tailure may he due, either to failure in selecting a proper dose for 
absorption, or to some degree of degradation of the polysaccharides 
in the process of purification, which has reduced their specific com 
bining power. This would also account for the fact that cross-reac- 
tions ^^^th polysaccharides were weaker than one might have expeclcd 
after the strong reactions with the complete bacterial antigens. 


Discussion. 

It appears from the results that the predominant sero-type in this 
material, isolated mainly from mild chronic infections like ozacna 
and chronic bronchitis is different from the type found to predominate 
in Julianelle’s material. It is possible that differences in the selection 
of the strains may account for this difference. Julianelle’s strains to 
a larger extent originated in more severe infections, such as Fried- 
lander pneumonia, a disease which seems to be rare in Norway. This 
question must be left open for future studies. 

The complement fixation reaction seems to be well suited for the 
study of mucoid organisms, if sufficient incubation time is allowed 
for completion of the reaction. The reaction seems to be more sensi- 
tive when it is a question of detecting minor, cross-reacting antigenic 
components, than either the agglutination or precipitation reactions. 

The failure of the precipitation technique to demonstrate the 
cross-reacting antigens in this study may possibly be due to the 
formation of small, soluble antigen-antibody complexes, which arc 
loo small to precipitate, but large enough to fix complement. 

No decision could he achieved as to whether the cross-reaction 
betxveen a Klebsiella and a mucoid diplobacillus from the same patient 
was due to cross-reacting capsular polysaccharides only. Ample evi- 
dence Avas obtained, hoAvever, to shoAV that the two polysaccharides 
Avero not identical. 

There is thus no evidence to indicate that the peculiar similarities 
hetAveen these Iavo strains are anything more than coincidences, flic 
results are further confirmation of the obserA'alion that cross-icactions 
helAA^een polysaccharides of different origin are fairly common. 

The cross-reaction betAveen a mucoid diplobacillus and a mucoid 
staphylococcus is of some interest, but a complete analysis of t us 
reaction can not he offered at the present time. 


Summary. 

The predominating sero-type among a nurnber of Klebsiella 
strains, isolated from A'arious mild, chronic infections, appears o )C 

some other type than Julianelle’s type A. i • , ti • 

A mucoid strain of P. aeruginosa AA'as found to be scro ogica } 
unrelated to a Klebsiella, isolated from the same patient. 



aOl 

A imicoitl dipIol)nciIlus showed a marked cross-rcaclion with a 
KIchsiclIa from tlie same i)aticiil, and also with a mucoid Stapliylo- 
coccus aureus from a different patient. 

The former cross-rcaclion was found to l)e due, in part at least, 
to cross-reacting, hut different capsular polysaccharides. 

The complement-fixation seems to l)c more sensitive than oilier 
reactions in delecting anlihodies against mucoid organisms of these 
types, and particularly, cross-reacting antibodies. 
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ON HAEMAGGLUTINATION BY ESCHERICHIA GOLI 

By F. Kauffmann. 

(Received for publication December 9tb 1947.) 

Having worked on the serology of the Coli group during the pnst 
few years, especially on the distribution of the haemolytic strains 
among the various serotypes, it became natural to include the hacmag- 
glutination of the Coli bacteria in these investigations. Our previous 
experiments had made clear the fact that haemolytic Coli strains parti- 
cularly often range among certain serotypes of the 0-groups 4 and G, 
vvhereas not one strain of 0-groups 8 and 9 cause haemolysis. 

As long ago as in 1902 R. Kraus and St. Ludwig reported on hacmng- 
glutination by bacteria. They demonstrated that a Vibrio strain (Paris) and 
a strain of Staphylococcus aureus haemolyticus agglutinated rabbit cryttiro- 
cjdes in test-tubes, whereas typhoid bacilli caused no agglutination. The 
authors gave no indication of whether Coli strains wei’e tested in this 
respect. 

Afterwards, in 1908, G. Guyot published further studies of bacterial haem- 
agglutination and established the fact that many Coli strains possess the 
property of agglutinating the erythrocytes of various animals. He employed 
slide-agglutination and a 5 % suspension of erythrocytes in saline. He showed 
that formalin-killed bacteria retain their agglutinating property. 

In 1943 L. Rosenthal wrote on the »Agglutinating properties of Escheridiia 
coli«, and confirmed and amplified Guyot’s results. For example, be de- 
monstrated that heating for two minutes at lOO” C. destroyed the agglutin- 
ability of the culture, whereas alcohol treatment left it unaffected. Of <0 
Coli strains isolated from faeces and tested, 12 strains agglutinated human 
eiythrocytes. 


Oivn Investigations. 

The tests were made with living Coli cultures from 20-hour agar 
plates. The culture was stirred direct with a needle into a drop of 
10 % blood (in saline solution) on a slide. After the slide had been 
tilted back and forth for about thirty seconds the reaction was rca( 
with the naked eye; in doubtful cases a lens (8x) was used. 

The blood used was from man, guinea-pig, horse, rabbit and chic '. 
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Chick blood was chosen for Ihc reason that experiments with viruses 
(Hirst test) have shown that this kind of blood is particularly 
suitable for hacmagglutination. Some tentative tests showed that it 
is immaterial whether one employs 5 % or 10 % blood and whether 
the blood is washed or not. 

In making the tests, each strain was tried against all five kinds 
of blood at once. A total of 112 Coli strains of known antigenic stiuc- 
ture and known haemolytic property were tested. They represented 
the first 25 O-groups, with particular reference to 0-groups 2, 4, 6, 
8 and 9. Of the 112 strains, 34 gave no agglutination in the five kinds 
of blood tested, and 94 strains were not haemolytic. 

Thus it was found, in complete accord with the results published 
in the literature, that Coli bacteria possessed of haemagglulinating 
properties are of frequent occurrence and that haemagglutination does 
not run parallel with the haemolytic property. Whereas almost all 
haemolytic strains (there was one exception) were haemagglutinating, 
many strains not producing baemolj’sis gave strong haemagglutination. 
In other words, the haemagglutinating property is more frequent than 
the haemolytic and is distributed — though not regularly — among 
all O-groups so far tested. 

On this matter of regularity, the point is that O-groups 4 and 6 
were outstanding, giving haemagglutination particularly often, where- 
as O-groups 8 and 9 possessed this property much less frequently. In 
the table will be found the results of tests with 14 strains of O-groups 
4 and 6 and 14 strains of 0-group 9. As twelve strains of 0-group 8 
behaved in the same manner as the strains of 0-group 9, and eleven 
strains of 0-group 2 as those of O-groups 4 and 6, I liavc omitted to 
show these results in tabular form. 

The table shows that of 14 strains from O-groups 4 and 6, 12 
caused haemagglutination, at least in one kind of blood but usually in 
several or all the samples tested. Of 14 strains from 0-group 9, only 5 
caused haemagglutination, and in most cases it was only weak. The 
strongest reactions were obtained with guinea-pig blood, followed by 
chick and horse blood, whereas rabbit and human blood agglutinated 
less strongly and less often. In other words, agglutination did not 
always occur in all five blood samples, human blood especially failing 
in some instances. Therefore, if it is the intention to test a large 
number of Coli strains for their haemagglutinating property, it will 
m future suffice to work with guinea-pig and human blood, the two 
extremes. 

The difference between O-groups 4 + 6 on the one hand and 
0-group 9 on the other was most evident in the case of human blood, 
for 9 of 14 strains from the former group (4 + 6) gave a positive 
reaction, whereas only 2 out of 14 strains of the latter group (9) 
reacted positively. When chick blood was used, a total of 12 positive 
reactions was obtained in groups 4 + 6, but in group 9 only 4. Of 9 


33 * 
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haemolytic strains in group 4 and 6, 8 were also haemagglulinalinc 

Whether or not the strains were possessed of L-antigen did not 
affect their haemagglutinating property, as both forms, L plus and 
L minus, of strain U 5/41 (0-group 1) agglutinated guinea-pig blood 
strongly, the other kinds of blood only weakly. 

The haemagglutinating property was not destroyed by heating a 
bacterial suspension (in NaCl) at 70® C. for one hour in a waterbalh, 
although this treatment killed the bacteria. But bacteria healed for 
5 minutes at 100° C. no longer caused haemagglutination. Treating 
with 1 % formalin, though killing the bacteria, did not affect the 
haemagglutinating property. 


Table i. 

Haemagglutination by Escherichia coli. 
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Discussion. 

The object of this investigation was soiely to ascertain the distribu- 
tion of the haemagglutinaling Coli strains among the more important 
Coli 0-groiips and types, and therefore I refrained from fundamental 
examinations of the nature of haemagglutination (apart from the 
resistance test just referred to). 

These results have helped to add one more indication to the already 
known differences between various 0-groups and types. The special 
position occupied by 0-groups 4 H- 6 on the one hand, and 0-groups 
8 + 9 on the other, also becomes distinctly evident when haemagglu- 
iination is taken into consideration. Whereas haemolysis and haemag- 
glutination are very frequent within 0-groups 4 -f- 6, haemolysis is 
completely absent in 0-groups 8 -t- 9 and haemagglutination is relatively 
rare. As moreover these two groups (4 -t 6 and 8 + 9) according to 
Ewertsen and Sjostedt’s results also differ by the fact that the occur- 
rence of toxic and necrotizing strains arc much more frequent in the 
former group (4 + 6) than in the latter (8 + 9), the difference be- 
tween them is definitely established. 

I must specially point out that not all types within one 0-group 
hehave in the same manner, and therefore the 0-group determination 
alone will not suffice to solve Coli problems; it must he supplemented 
with a type diagnosis. 

On the basis of all results so far (results which I have recently 
gathered into a Coli-review) we may take it for granted that most 
types within 0-groups 4 and 6 are possessed of higher pathogenicity 
than the types within 0-groups 8 and 9. The main differences may be 
given schematicallj' as follows: 


Differences between types of the 0-groups. 


•i + G 

1. Frqquently haemolytic 

2. Frequently haemagglutinating 

3. Frequently necrotizing 

4. Highly toxic to mice 


8 + 9 

1. Non-haemolytic 

2. Rarely haemagglutinating 

3. Rarely necrotizing 

4. Weakly toxic to mice 


Within 0-groups 4 and 6 we have exclusively to do with L-antigens 
(thcrmolabile envelope antigens) in so far as these types possess K- 
antigens at all, whereas in 0-groups 8 and 9 we have partly A and 
partly L or B antigens. Within 0-group 9 the A-anligens, i. c. thermo- 
stable capsule antigens, which arc different from L-antigens, are 
greatly predominant, however. 

These investigations provide no information as to the active prin- 
ciple that causes haemagglutination. 


Conclusion. 

The distribution of haemagglutinating Coli strains among the 
various serotypes and 0-groups is described. 
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Haemagglutinating Coli strains occur more frequently among hqics 
of 0-groups 4 and 6 than among types of 0-groups 8 and 9. There is 
no direct connection between haemolj'sis and haemagglutination, and 
yet nearly all haemolytic strains at the same time are haemagglulin- 
ating. The number of haemagglutinating strains is much greater than 
the number of haemolytic. 

Of all the types of blood tested (human, guinea-pig, horse, rabbit 
and chick), guinea-pig blood was agglutinated most strongly. One 
hour’s heating at 70° C. did not destroy the haemagglutinating properly 
of the Coli bacteria; this requires brief heating (5 minutes) at 100“ C. 
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FURTHER BIOCHEMICAL TESTS IN THE COLI GROUP 

By F. Kav((mann and Bcalc Perch. 

(Received for publication December ISth, 19i7.) 

In an earlier communication by Kauffmann & Perch: »Ueber die 
Coliflora des gesunden Menschen« as well as in a subsequent work 
by Kauffmann: »Ueber kulturellc Untei-suchungen in der Coli-Gruppe« 
a report was made of the cultural behaviour of all the Coli strains we 
had analyzed serologically. 

As these cultures were tested in the years 1041 — 42, we have now, 
after a period of five or six years, repealed some tests for the purpose 
of obtaining an idea of the constancy of the biochemical types. In 
addition, we have supplemented our earlier investigations, having 
tested all the strains with regard to nitrate reduction, Voges-Proskauer 
and methyl-red reaction, and their behaviour on Christensen’s urea 
agar, the following media being employed for the reactions: 

1) Nitrate Bcduction: 


Nitritc-frcc KNO, 0.2 g. 

Peptone 1.0 g. 

aqua dost 1000.0 c.c. 


Tube in 5 c.c. amounts. Autoclave at 120** C. for 5 minutes 3 days in suc- 
cession. Inoculate the medium and incubate 4 days at 37“ C. 

Solution A: Dissolve S g. sulplianilic acid in 1000 c.c. 5 normal acetic acid. 
Solution B: Dissolve 5 g. alplianaphtbylamin in 1000 c.c. 5 normal acetic 
acid. 

Solutions A and B are mixed immediately before using and 0.1 c.c. of the 
mixture is added to each tube. 

Positive reaction = red colouring within 10 minutes. 

2) Voges-Proskauer and Methyl-red Bcuction 


KjHPOj (Merck) 0.5 % 

Witte peptone 0.5 % 

Glucose 0.5 % 

aqua dost 
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and distilled water, heat to boilinp filior on.nni 
and add O.d % glucose. Tube in narrow tubes (about 1 cm dinmMn .\ 
depth of 5 cm. Boil for 10 minutes. Inoculate and incubate 4 dajs at’ 37°(l 
, medium into two halves. To one half add about V-ioA 3,,,^ 

Of 20% NaOH. Shake well and slope .he .obes. An eosinlikrfluo.e4„?. 
currmg within a couple of hours signifies the positive reaction. To accelonio 
^ grains of creatinum may be added. To the other half 
add 2—3 drops of a 0.25 % alcoholic methyl-red solution. Positive reaction !' 
signified by scarlet, weak positive reaction by red-orange, and ncaative it 
action by a yellow colour. 


3) Ui'ea Decomposition 
Urea agar according to Christensen: 


Glucose 1 g. 

Bactopeptone 1 g 

NaCl 5 g 

KH,PO, 2 g 

Phenol-red 0.012 g 

Agar 20.0 g 

Aqua dest 1000.0 c.c 


Bring the above ingredients to the boil. Adjust to pH 6.8. Tube in Was- 
sermann tubes in 4 c.c. amounts. Autoclave. Add 0.5 c.c. of sterile (Scit?. 
filtered) 20 % urea solution. Mix well and slope with a deep but and a 
short slope. Incubate overnight for sterility. Inoculate from a salt-solution 
suspension made from a 20 hours agar culture as used for Simmons’ medium. 

The result of the testing of 244 strains in the above media was 
that in the majority of cases the following could be noted: 

Nitrate reduction: positive 

Voges-Proskauer: negative 

Methyl-red : positive 

Urea decomposition: negative 


In some instances the nitrate reduction w'as only weakly positive, 
and in two (strains H 515 h and A 121a) the Voges-Proskauer re- 
action gave a weakly positive result. From this it appears that hi 
almost every case the Coli cultures tested serologically by us were 

typical in their cultural behaviour. . 

In the repetition of the cultural investigations made five or six 
years earlier we tried the test strains for the first 25 0-groups and 
on the whole obtained the same results as then. As examples we give 
below merely the results of the first 10 strains: 

1 ) Strain U 5/41 in the year 1941 fermented salicin after 3 days, 

but in 1947 after 4 days. tn i -t vn« 

2) Strain U 9/41 in 1947 behaved exactly as in 1941. Dulcite v ■■ 

fermented on the 2nd day, salicin on the 3rd day. ^ 

3) Strain U 14/41 fermented rhamnosc after 11 days in 1941 an 
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salicin afler 2 days; in 1947 it fermented neither rhaninose nor 
salicin, even after 30 days’ observation. 

4) Strain U 4/41 behaved in the same way in 1941 and in 1947; 
dnlcite and salicin were fermented after 2 days. 

5) Strain U 1/41 also behaved in the same manner at the repeated 
test. 

6) Strain Bi 7458/41 fermented salicin after 2 days in 1941, in 1947 
after 3 days, hut otherwise behaved in the same way. 

7) Strain Bi 7509/41 in 1941 fermented dulcite after 3 days and 
rhaninose after 11 days. In 1947 it attacked dulcite after 2 
days and rhaninose after 6 days. 

8) Strain G 3404/41 fermented salicin after 1 day in 1941, after 2 
days in 1947. 

9) Strain Bi 316/42 in 1947 behaved as in 1942 and attacked salicin 
after 3 days. 

10) Strain Bi 8337/41 in 1941 fermented sucrose after 28 days, hut 
in 1947 after only 4 days. 

Finally it may he mentioned that the test strain of 0-group 14, 
strain Su 4411/41, in contrast to 1941 now slowly and weakly 
formed H^S. 


These examples, taken from the test strains for the first ten O- 
groups, should be sufficient to show that fermentation by the Coli 
types on the whole must be regarded as constant. Only in the case of 
certain media such as dulcite, rhaninose, salicin and sucrose were 
there a few insignificant deviations in the repeated tests. As will he 
known, these irregularities chiefly affect those reactions which occur 
late, one strain for instance fermenting sucrose after 4 days, after 28 
days, or not at all. We were unable to observe any change in respect 
of any of the other substances which Avere fermented promptly or not 
at all. For example, all strains had fermented lactose at once, and they 
behaved in exactly the same way at the repeated test. Only one test 
strain, which had been received from Vahlne (PA 236) in the interval, 
attacked lactose after three or four days. 

As appears from Knipschildt’s reports, among strains serologically 
belonging to the Coli group there are also those which do not attack 
lactose. Thus the failure to ferment lactose does not preclude the 
diagnosis of Coli. 


In order to provide an idea of the results we have obtained with 
the media employed, we reproduce below the record of the tests with 
strain U 9/41, which is one of the commonest biochemical types: 


Adonitol — 
Dulcitol + - 

Sorbitol + 1 
Arabinose + ^ 
Xylose -i- 1 


Rhaninose -1- ^ 
Maltose + ^ 
Salicin + “ 
Inositol — 
Lactose + ^ 
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Sucrose — 
Mannitol + ^ gas 
Glucose + ^ gas 
Indole + ^ 

H^S — 

Gelatine — 


Simmons’ glucose agar -f ' 
Simmons’ citrate agar — ' 
KNO3 + 

Voges-Proskauer — * 
Methyl-red + ■* 

Urea agar — * 


All 244 Coli cultures were tested in the above manner. Wc shall 
refrain from reproducing the complete fermentation formulae, how- 
ever, since they will be published elsewhere. Nevertheless, in 
order to give an impression of the reaction in these media wc 
show below the results with the strains of the first hundred 
O-groups. For simplification we designate a positive reaction after 21 
hours with +, a delayed positive reaction with — +, and a negative 
reaction after 30 days with — . Thus, 11 +, 1 — -f, 88 — mean that 
11 strains were promptly positive, 1 strain fermented the medium late, 
and 88 strains gave a negative reaction. Failing gas formation, which 
was tested only in glucose and mannitol, was decided after 4 days’ 
observation, as also the absence of growth on Simmons’ agar. Failure 
to form indole w'as observed in 2 tubes tested after 1 and 2 days. The 
KNO3, Voges-Proskauer, methyl-red and urea reactions were read after 

4 days. 

Cultural behaviour of 100 Coli strains. 

Adonitol: 11 +, 1 — +. 88 — 

Dulcitol : 40 -h , 28 — ■ -1- , 32 
Sorbitol : 96-1-, 3 — -h, 1 — 

Arabinose; 100 -h 
Xylose: 94 -f, 5 — +, 1 
Rhamnose: 85-l-,ll — -t-,4 
Maltose: 100 + 

Salicin: 12 -f, 67 — +, 21 
Inositol : 1 +, 2 — +, 97 
Lactose: 100 -f 
Sucrose: 22 -1-, 15 — -h, 63 
Mannitol: 100 -t- 

Glucose: 100 -1- \ . 00 4- 1 

Gas production (in mannitol and glucose). 99 -f, 1 

Indole: 92 -1-, 8 
H„S: 4 -f, 96 — 

Gelatine: 100 — 

Simmons’ glucose agar: 10® + 

Simmons’ citrate agar: 3 -1-, 9/ 

KNOj-. 100 -f 
Voges-Proskauer: 100 — 

Methyl-red: 100 -h 
Urea agar: 100 — 
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Considering llie material of 244 strains as a whole, we shall single 
out only certain special points. 

Adonitol was fermented hy 29 strains, of -which 7, all belonging 
to 0-group 21, were late in acting. Only 1 strain (H 520 a) of 0-group 
21, which was not possessed of the complete 0-antigen of this group, 
did not attack adonitol. Two strains were not gas-producing (E 14 a 
and A 203 a); 12 strains did not form indole and belonged to two 
different biochemical types; 6 of them did not grow on Simmons 
citrate agar and did not produce H^S, whereas 6 others grew on Sim- 
mons’ citrate agar and produced lES. 

It has already been mentioned that two strains gave a weakly 
positive Voges-Proskauer reaction. Two others (A 43 c and A 95 h) 
were »ammonia-weak«, i. e. they failed to grow on Simmons’ glucose 
and citrate agar. 

In particular we shall point out that we found 6 strains that grew 
on Simmons’ citrate agar; they all produced H„S hut not indole. Three 
of them (P 6h, P 6c and P 11 c) had already been tested in 1941, 
when the positive reaction on Simmons’ citrate agar had been observed 
in all three cases. Unfortunately, in our earlier communication 5>Uchcr 
die Coliflora des gesunden Mcnschen« we neglected to mention this 
positive citrate reaction, with the result that in that and all sub- 
sequent works we wrote that we had worked only -with citrate-negative 
Coli strains. 

Since then, Vahlne has reported on a number of citrate-positive 
strains belonging serologically to the Coli group. He demonstrated that 
a strain termed B. lactis aerogenes hy Escherich belongs to 0-group 9. 

The six citrate-positive strains, which we have now tested repeated- 
ly, belong serologically to the following Coli 0-groups. 


P 6 h to 0-group 67 


P 6c 

3> 

r> 

17 

Pile 

y> 

y> 

72 

H 310 a 

j> 

» 

94 

A 231 a 

3> 


8 

G 8 


y> 

8 


It appears from these results that strains capable of growing on 
Simmons’ citrate agar can also be inserted into our diagnostic anti- 
genic schema. 

In conclusion, the point should be emphasized that the serological 
Coli types have kept constant through years of cultivating in the 
laboratory. 

In other words, in this respect the Coli types set up behave in 
exactly the same way as the serological Salmonella types, whose 
constancy has also been proved. 
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Summary. 

The authors report on further biochemical tests in the Coli group 
■with regard to the nitrate, Voges-Proskauer, methyl-red and urea re- 
actions. Moreover, after five or six years they repeated some other 
tests which on the whole demonstrated the constancy of the bio- 
chemical types earlier observed. Certain special tjTics, c.g. such o'; 
grow on Simmons’ citrate agar, are underlined. 
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John Forssman Avas born at Kalmar and of Avcll-knoAvn c . 
renowned for its ritalily and longevity. After malrie,.I.,lir , 'T, ' 
native town in 1887 lie immediately entered tile Universilv ^Iiil, 
where he took all his medical examinations which he finallv crnwiipd 
with a dissertation for which the degree of Doctor of Medicine wi-; 
conferred upon him in 1898.. As as.sistant at the Pathological Dent of 
the University of Lund, Forssman received a thorough training in the 
fundaments of pathology under the direction of the learned Professor 
M. V. Odenius, and it was from the prominent Danish bacteriologisl 
Prof. C. J. Salomonsen, founder of the famous Serum Slate Insliliile 
in Copenhagen, and not least through a six months sojourn at the Pa- 
steur Institute in Paris after his disputation that Forssman acquired 
a deep and wide knowledge of bacteriology. The young Swedish re- 
searcher soon won the affection of his teachers — especially that of 
Roux — and sowed the seeds of a lifelong friendship with several 
other bacteriologists of his own age. It was in Paris that For.ss- 
man began an extensive study of the bacteriology of holulisni, which 
investigation he terminated on his return to Lund, where he tackled 
especially the problems connected with immunization. 

Already Forssman’s dissertation on the factors determining the dir- 
ection of growth of cut nerve fibers during regeneration had aroused 
great interest and had been rewarded with a very high award. It was the 
first study in experimental pathology that had been carried out at 
Lund. In 1901 at the age of 32 and after publishing a few smaller 
studies, Forssman was elected Professor of General Pathology and 
Bacteriology, which chair he was to occupy for over thirty years. As 
to his teaching, there is hut one opinion: he was a stimulating, cap- 
tivating instructor who Avas capable of fusing life into his Iccliires in 
a marvellous Avay, often amusing but nevertheless at the same time 


commanding respect. 

When we think of John Fonssman, it is ahvays as the researcher 
that he appears before us. Experimental investigation in the sphere 
of fundamental research Avas his guiding star through life; it was the 
very breath of his life Avilhout Avhich he simply could not exist. But 
in his research Avork he never pursued trodden paths hut ahvays the 
unplotted course. This clear-sighted Avorkcr frequently caned acceplcd 
theories and dogmas Avith his constructive criticism; as a matter of 
fact it seemed as if he found pleasure in detecting deviations from 
established conceptions for Avhich he then endeavoured to find hotter 
explanations. His most salient Avork in this respect consists of Avhal 
has noAA' become the classical AA’orks on so-called heterogenetic anli 
bodies, Avhich to-day bear his name and Avhich con.stitutc one of the 

most complicated problems of serology. , ii . 

It is necessary to giA'e a brief description of the situation s lor a 
before this discoA'ery. The keystone of bacteriology and scrologA^ i- 
and ahvays Avill he the laAV of specificity. Thanks to this recognition 
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wc were able lo exlricalc ourselves from the chaos lhal bacteriology 
formerly spelt, and the strict logic in Pasteur’s and Koch’s research 
at once became obvious to all. Thus, when Behring produced his anti- 
toxic diphtheria serum, it was a triumph for the spccific-hactcriological 
treatment. An elucidation of the nature of the specific process was 
wanting, and Paul Ehrlich responded to this call with his famous 
side-chain theory, which was both genial in its simplicity, and more 
than useful as a hypothesis. But when the side-chain theory was 
dubbed an established fact by some of the enthusiastic pupils of Ehr- 
lich (for example, Wassermann), it did not promote hut instead 
thereof fettered the develo]mient of serology. Criticism was brought 
forward especially from the Lund researchers, John Forssman and 
Ivar Bang, who produced evidence lhal seemed to shake the very 
fundaments of Ehrlich’s hypothesis. By immunizing animals with 
blood cells Bang and Forssman had been able to produce antibodies 
capable of dissolving the blood cells, haemolysins, and found that this 
antibody formation was dependent on the lipoid substances of the 
blood cells. It was also discovered lhal binding and antigenic proper- 
ties are not always co-exislenl and lhal even the strict laws of specifi- 
city exhibit exceptions. During . the subsequent scientific polemic 
against Ehrlich, Forssman .sought .syslemalically for deviations from 
specificity. From immunizing with cells, red blood cells, he .switched 
over lo the injection of emulsions of organs, especially those of guinea- 
pig kidneys, the choice of this organ probably being influenced by the 
dissertation by Gunnar Forssner publi.shed .shortly before on the 
elective renal localization of bacteria cultivated on media containing 
kidney extract. It was with such extracts lhal Forssman immunized 
rabbits from which he then obtained hajinolysins against sheep blood 
cells, a result just as uncxpcclcd as it was remarkable. This discovery 
gradually prompted a lively research inter alia by Doerr, Sachs and 
Landsteincr concerning specific and non-specific factors of antigens. 
In 1928 in Handbuch der palhogencn Mikroorganismen Forssman gave 
a summary of his own studies and those of others in this field. 

Even though Forssman’s discovery did not provide a solution to 
certain baffling serological problems, the recognition of the hclcrogcnc- 
lic antigens and Ibeir specific antibodies did at any rale suggest a plau- 
sible path lo follow not only in bacteriology, but also in medicine as 
a whole. 


It would be going loo far lo expatiate on all of Forssman’s scientific 
products, but mention should be made of his thorough study of 
anaphylactic shock, the underlying chemical factors of Wassermann’s 
reaction, non-specific vaccinlherapy, etc. For investigating the nature 
of so-called reverse anaphylactic shock Forssman’s helcrogenelic anti- 
sera have played an important role, and the assumption that the cel- 
lular changes are the essential factors, and the blood changes se- 
condary, was confirmed. By inlracarolid-cenlripelal injection of 
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leterogenelic sheep-haemolytic rahhil scrum into guinea-pics Forssm. n 
obtained a characteristic reaction known under llic name of Fort- 
r rr^ ^ intracarotid syndrome. He also showed that this phenomenon 
differs from anaphylactic shock. From his emeritus years there exi 
inter alia a series of reports on staphylococcal immunity. On accounl 
of the manner in xvhich Forssman published these studies the rcsulls 
are hard to survey. Sometimes they arc contradictory and not in 
frequently in disagreement with those of earlier and contemporary in- 
vestigators. However, Forssman contends that explanations hroiif^hl 
forward so far hardly hold good hut must presuppose other hilhcrlo 
unknown immunity factors. 

At the 250th anniversary of the University of Lund, Forssman 
published a remarkable article in the University Annual. It was en- 
titled »Thc dependence of pathogenic bacteria, infections and certain 
epidemics on foreign hacteria«. In this publication Forssman had ac- 
cumulated reports on experiences made in various parts of the globe 
as to how epidemics can persist or die out, and in his usual clear- 
sighted manner showed how the survival or disappearance of diseases 
is dependent upon antagonistic factors existent in the soil. The 
problem is most distinctly depicted in his own words »Evcn if pure 
cultures did play an enormous role in the development of bacteriology, 
and even if it docs and most probably always will, so to say, constilulc 
the backbone of all bacteriological studies, it should nevcrlhclc.ss be 
borne in mind that in Nature bacteria seldom appear in pure cultures. 
In Nature w'e often encounter them in both quantitatively and quali- 
tatively varjdng mixtures or, if you like, mixed cultures (for wc imagine 


them in a state of development). If, for example, we look at the con- 
ditions ruling in the soil, in the xvatcr, in the mouth of man or animal, 
and in other parts of the digestive canal, etc., everywhere do we meet 
a mass of different bacterial species in varying proportions. And if 
we want to learn the role bacteria play in Nature, xvc must, after 
studying them in pure cultures return to xvork with mixed cultures 
because the total result of the activity of the mixed cultures of bacteria 
is by no means simply the sum of the activity of the individual species. 
On the contrary, the result will be totally different and will be de- 
pendent on the influence — sometimes stimulating, .sometimes in- 
hibitory — which the various species exercise on one another^. These 
prophetic xvords of Forssman arc xvorth rememhering, now in the era 
of antibiotica with penicillin, streptomycin, etc., and when soil bacteria 
have suddenly come into the focus of medical observation. 

Forssman’s love for scientific research had a sedative effect on 
his desire to be engaged for any length of time in public woUc. When 
such tasks were placed upon him he fulfilled them both quickly am 
effectively' and returned to his research xvork. His laboratory at ic 
old Dept. was his favourite place. If one happened to go there on Amns 
day or New Year’s Eve, one often met a lonely man at work al his 



desk: the Chief. His dexterity was admirable, he ^yas a skilful animal 
operator and to watch him blow glass was a pleasure which he him- 
self obviously enjoyed. For anybody who lias studied Foissmans 
experimental work from close quarters, it is evident that bis desire 
to tackle the most baffling questions often induced him to grapple 
with problems which not infrequently refused to be solved, with the 
result that laboratory work of several years sometimes remained un- 
published. 

In spite of this, John Forssman was by no means a narrow-minded 
researcher. For many j'ears be practiced as a dermatologist and ve- 
nereologist and was Head of the Vcncrcological Dept. His keen sense of 
responsibility and pronounced public spirit rcsullcd in bis being ap- 
pointed Town Councillor, Director of Lund’s Hospital, Pro-rector of 
the University, etc. In the Medical Society of Lund be was for many 
years one of the leaders. In a number of epidemic questions important 
for the welfare of bis country, be gave many valuable contributions in 
such questions as small-pox inoculation, the combat of foot and mouth 
disease, etc. His sound practical judgement was esteemed by members 
of all classes and the public welfare was always foremost in bis mind, 
personal aims or regards being unknown lo him. His juvenile spirit 
gave him a deep understanding for the students at the University, as 
many traces at Lund hear witness to. He liked lo see the youths merry 
and lively, and bad no time for bores. His sound judgement was: If 
they are bores at this young age, what will they he wlicn Ihcj’ gel 
old? For good, healthy sinners be bad a secret liking, sometimes not 
so very secret. He never sought popularity, and that is perhaps one 
of the reasons why bo was liked so much and by so many. Great was 
the number of people who sought bis wise advice, and they always 
discovered that they bad chosen the right man. 

Forssinan’s manly, blunt character reflected a lover of nature, 
fond of country life. Sparlanic in his daily life and in full possession 
of his physical and psychic powers he brought forward valuable and 
fascinating suggestions almost lo the end of bis days. He was granted 
a long rich life and was able to contribute admirably lo bis institute, 
his faculty, his university, his town and his country. He won inter- 
national praise, and when he left us it was after a short illness without 
regression. 


During his long life honours were granted him in abundance. He 
was a member of the Royal Academy of Science, Sweden, and of the 
Royal Academy of Science, Denmark, and in lf)22 he won the Jubilee 
Prize of the Swedish Medical Society, and in 1924, the Rjorken Prize 
of the Medical Faculty of the University of Upsala. When he left the 
chair in 1933 bis colleagues and pupils honoured him with a memorial 
volume containing .inter alia a bibliography of bis own lilcrarv pro- 
ductions up to 1933. ‘ ^ 

He was a member of the Royal Physiographic Society of Lund 
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throughout 45 years during which he was very active and exhil)iicd 
a more than warm interest. He was on the Advisory Financial Com- 
mittee and the Editorial Staff of the Annual Publication. A large dona- 
tion from John Forssman and his wife in 1928 bears witness lo ihc 
interest he displayed in the Society. In 1927 he was granted the Gold 
Medal of the Royal Physiographic Society, and in 1940 was elected a 
member of honour. 

The medical world, both at home and abroad, will remember him 
with gratitude and veneration. 

Arvid Lindan. 
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bacteriological deparimem . 


EFFECT OF PENICILLIN ON PROTEUS VULGARIS 

By 0. Luhellc. 

(Received for publicjitioii Dcccmbci' 23rd 1947.) 

As has earlier been jjoinled out, il is chielly lo the effects of peni- 
cillin on the sensitive microbes, i. c., the Gram-positive bacteria, that 
attention lias hitherto been directed. We know, however, that also 
Gram-negative cocci may be vcr 3 ' sensitive lo jienicillin. This applies, 
for instance, to Neisseria gonorrboeae and Neisseria inlracellularis me- 
ningitidis. Far less attention has been devoted lo microbes which are 
lo-daj' regarded as resistant lo iienicillin. Also in Ibis field, however, 
some publications have appeared, in which it is mostlj' the Gram- 
negative intestinal bacteria that have been subjected lo investigation. 
In a quite recently published paper 0. Lahelle (1948) has dealt with 
some of these matters. Here it was .shown that Proteus vulgaris, Pro- 
teus morgani, Escherichia coli and the coliform bacteria were sensitive 
lo penicillin. At the same time, however, il was found that the penicil- 
lin-sensitivity varied considerahlj' in these groups of microbes. Thus 
Proteus morgani was highlj' resistant lo the antibiolicum, while Pro- 
teus vulgaris showed relatively' little resistance. Escherichia coli and 
the coliform bacteria occupied an intermediate position. 

Moreover, also other authors have shown that Proteus vulgaris is 
comparatively little resistant lo penicillin. G. T. Stewart (1945) and 
A. R. Thomas and Max Levine (1945) have had the same experience. 
G. T. Stewart tried local application of penicillin in cases of circum- 
scribed infection due to Proteus vulgaris, and apparently' with success. 
His material, however, was small and his results can hardly be said 
lo justify general conclusions. Like A. R. Thomas and Max Levine, 
he maintains that in case of infections of the urinary' tract with Pro- 
teus vulgaris there is every possible reason for try'ing penicillin treat- 
ment. 


Author’s investigations. 

In these experiments 10 strains of the Proteus vulgaris were tested. 
One strain had a resistance corresponding to 63 units of penicillin per 
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ml. luo strains had a resistance of 32 units and the other strains ha.l 
a power of resistance lying between 16 and 8 units per ml The ml 
cedure adopted for measurement of the penicillin-sensitivitv has been 
described m the above-mentioned Avork by the present author Tlie 
resistance accordingly varied somewhat in the different strains init 
they were all relatively sensitive to penicillin. Tims experiments carried 
out confirmed the results arrived at by G. T. Stewart (1945) .and A. It 
Thomas and Alax Levine (1945). We also agree with the view ex- 
pressed by these authors that there is good reason to try penicillin 
treatment in case of infections of the urinary tract occasioned In- 
Proteus A'ulgaris. 

In addition to testing the penicillin-resistance there was also car- 
ried out a more detailed investigation of the mode of action of peni- 
cillin on Proteus vulgaris, and thus made a more exact examination 
of the problem respecting bacteriostasis and bactericidal action. As 
early as in 1929 A. Fleming found that penicillin exercised a haclcri- 
.cidal effect on the microbes. He observed that not only were staphylo- 
coccal colonies which had grown on an agar-plate containing colonics 
of Penicillium notatum inhibited in their further growth, hut there 
took place a lysis of the colonies already formed. Meanwhile, around 
about 1941, Avhen the investigations respecting penicillin began in 
earnest, the general opinion xvas that it was chiefly a question of 
bacteriostasis. This view was based upon investigations made by E. P. 
Abraham et al. (1941). But soon followed publications which distinctly 
showed that there also occurred a bactericidal effect. Here may be men- 


tioned investigations made by G. L. Hobby, K. Meyer and E. Chaffee 
(1942), L. A. Rantz and W. M. M. Kirby (1944), as well as by E. Chain 
and E. S. Duthie (1945). K. Riewerts Eriksen (1946) employed direct 
agar-microscopy. Penicillin xvas added to the agar, and the growth of 
the microbes was observed in the same field of xdsion the whole time. 


By this method he xvas able to show that both staphylococci and 
pneumococci underwent lysis through the action of penicillin. At the 
same time it was noted that in the weaker concentrations of penicillin 
the bacteria showed primary growth before they decreased in number 
and became dissolved. Likewise A. Fleming observed such primary 
growth of staphylococci in penicillin-broth, with subsequent lysis. This 
finding has also been mentioned by several other authors, including L 
A. Rantz and IF. M. M. Kirby (1944), G. L. Hobby, K. Meyer and /■■ 
Chaffee (1942). While K. R. Eriksen employed direct agar-microscopy, 
the other authors mentioned used cither viability counts or tiirhidili 
metric methods. Eriksen holds that viability counts alone do not give 
any' clear idea of the primary growth, since simultaneously thcrewi 
there takes place a lysis of the bacteria which may counterbalance or 
exceed the new growth thereof. He also bclicwes that mcasurcincn a 
the primary’ growth by' turbidimclric methods is not satisfactory, as ic 
new growth may often be greater than is revealed by turbidimetry. 
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Wc have ourselves carried out several invcsligalions for the purpose 
of delecting the primary growth hj' counting the number of living 
microbes. The method seemed to he very uncertain and gave varying 
results, so that sometimes the primary growth could he noted, while 
at other times no such increased growth was observed, even ^^ilh use 
of the same inoculum and the same penicillin concentrations. We must 
therefore agree with the view that viability counts are hardly suitable 
for detection of the primary growth. Wc have not had an opportunity 
of making turbidimclric mchsuremcnls. 

In the cxi)erimcnls with Proteus vulgaris direct agar-inicroscopj' 
was employed. For this purpose a moist chamber was used. The mi- 
crobes were inoculated on a small agar-film on a covcrglass. Ihc cover- 
glass with the agar-penicillin culture was then mounted on a concave 
slide and by means of vaseline along the edge of the covcrglass the 
chamber was made airtight and watertight. On incubating the culture 
at 37" C. and at the same time microscojiing at definite intervals the 
development of the microbes under the influence of penicillin could 
he observed. It is to he noted that the microscope with the moist 
chamber was kept in the incubator during the whole experiment, so 
that the same field of vision was under observation all the time. A 
typical experiment with one of our Proteus vulgaris strains shall he 
described. 

The results will best he seen from inspection of the jdiolographs 
on the next pages. The living microbes were ])holographcd by means 
of a Leica camera. By employing obliciue illumination and oil immer- 
sion lens with iris-diaphragm wc were able to lake very good ])iclurcs. 
The inoculation was made with 20-hour-old broth culture, diluted to 
a suitable degree. Fig. 1 shows the microbes before they had begun 
to grow. Fig. 2 shows the microbes after two hours’ incubation. As is 
seen, they have grown somewhat in length. Fig. 3, taken after incuba- 
tion for 2 hours and 45 miuulcs, shows (piilc distinctly a growth in 
the length of the individual cells. On the other hand, no increase in 
the number of bacteria could be noted. Fig. 4, which was taken after 
3y2 hours’ incuhaliou shows long, threadlike bacteria, still without 
any increase in the number of cells. This pholograidi also reveals an- 
other peculiar phcnomcuon, namely, the appearance of spindle-formed 
or spherical thickenings, (he so-called ylargc bodies®, on the separate 
threads. This phenomenon is still more conspicuous after 6 hours, 
while the threads at this lime become somewhat less distinct and the 
large bodies show impressions at several places and arc not so re- 
gularly formed as before. After 9 hours most of the threads arc more 
or less broken up and form a tangled mass. Likewise the large bodies 
arc m many places distinctly disintegrated and have irregular contours. 
Some of them seem to he in a stale of complete dissolution. After 24 
hours incubation the Avholc assemblage of cells is entirely broken up. 
The threads have now for the most part disappeared, or else only frag- 



nionls remain. The large bodies are relatively belter nreserved in . 
ol ler experiment this phenomenon was still more distincllv obscrv 

able Here we often saw only the large bodies, while the threadlike e c 
menls had vanished entirely. ^‘'uiiKe elc 
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.After 1 ]ioiir.s’ incubation. 
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After 2 Iiours’ incubation. 
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After n hours' incubation. 
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After G hours’ incubation. 



Fig. 7. 

After 2-i hours’ incubation. 


It is to be noted that agar containing units of penicillin per ml 
(Merck) was used in this experiment. On use of weaker concentra- 
tions of penicillin, for example, o units per ml, there came growth 
of long threadlike cells, in most cases with formation of large bodies. 
But here no subsequent lysis of the bacteria took place. On ordinary 
agar without penicillin the Proteus strain employed gave growth of 
rodl shaped bacteria without tendency lo formation of threads. 
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Diffcrenl strains of the Proteus vulgaris may vary greatly in their 
morphology. It is to be emphasized that the strain \ve employed gave 
no growUi of long threads or targe bodies on ordinary penicillin-free 
agar. With stronger concentrations of penicillin in the agar, for in- 
stance, 50 units per ml., no threadlike elements or large bodies could 
he observed. The microbes were then merely dissolved during incuha- 
tion, without any characteristic morphological changes being detected. 

As already mentioned, K. R. Eriksen (1946) was able with certain- 
ly to detect a primary growth of staphylococci and pneumococci. This 
is clearly revealed in the photographs accompanying his publication. 
In a later work from the same year he claims to have made the same 
linding with respect to the Bacillus anthracis and a particular para- 
colon strain. On closer inspection of the accompanying photographs, 
however, it is seen that there is no increase in the number of microhes, 
but only a growth in the length or an increase in the breadth of the 
individual cells. Also in our experiments with Proteus vulgaris this 
was found to be the case. No certain increase in the number of cells 
could be noted on inspection of the same field of vision during the time 
the experiment lasted. 

As regards the morphological changes, it is especially to be re- 
marked that the formation of large bodies is not a property character- 
istic of penicillin alone. 0. Molktc (1927) found the same phenomenon 
in cultures on 1 per cent and 2 per cent phcnol-agar. He docs not 
stale, however, whether this was a regular occurrence. L. Dienes has 
in several works given a detailed account of the development of the 
large bodies in many species of bacteria. He slates that addition of 
lithium, calcium or chronium sails to the media promotes the develop- 
ment of these bodies, but at the same time he remarks that only small 
proportion of the microbes undergo such morphological changes. 4. II. 
Thomas and Max Levine (1945) ob.scrved a great many large bodies 
when working with Gram-negative intestinal rods in penicillin-media 
Erna Allure-W erher and coujorkers (1945) have made the same ohscr- 
valion. The development of the large bodies, however, was not followed 
step by step during the incubation, as was done in our cxpcriincnls. 
We assume, as docs L. Dienes, that the large bodies represent variation 
forms of the bacteria. The same author also found that in coli strains 
these bodies contained nuclcus-Iikc chromatin granules. It is reason- 
able to suppose Ibat the same is the ease with the large bodies that ap- 
peared in Proteus vulgaris under the influence of penicillin. 

For several species of microbes, such as staphylococci, streptococci 
and pneumococci, it was found that the resistance to penicillin increased 
when they were cultivated in media containing increasing quantities 
of the antibioticum. 4'he same observation was made by G. 'I . Sleivarl 
(19-15) as regards Proteus vulgaris. We have been able to confirm this 
finding. In our experiments ordinary bouillon was used, containing at 
first 4 units of i)cnicillin per ml. After incubation for 24 hours culture 
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was made from lliis lul)C in broth conlnining 10 units, nflcr\Yards in 
broth containing 20 units and so on. Four strains of Proteus vulgaris 
were investigated in this manner. In another series of experiments cul- 
tures v'crc made altcrnatingly in media with rising quantities of peni- 
cillin and in penicillin-free media. As regards Proteus vulgaris both 
methods gave good results, and it did not appear that one method had 
any advantages over the other. Ahundanl inoculations were made in 
all eases. One of the strains, P. 1860, which at first just barely showed 
growth in broth with 4 units of penicillin, increased its resistance so 
greatly that at the conclusion of the cxpci'iment it grew in a medium 
containing 8000 units per mt. The other three strains at the close of 
the experiment .showed growth in media with 1000 units per ml. Thus 
P. 1860 increased its power of resistance so much that it was capahle 
of growing in a medium containing 750 times the quantity of penicil- 
lin that in the beginning had .iust barely allowed growth. In ease of 
all four strains we investigated the question whether the increased 
resistance was due to the strains having acquired the power of pro- 
ducing penicillinase. No production of penicillinase could, however, 
be noted in the resistant Proteus strains. A. Bondi and Catherine Dietz 
(1944) had previously estahlished that Proteus vulgaris does not pro- 
duce the penicillin-destroying enzyme, 'and we were able to confirm 
their findings. 

The growth in the different media changed its character to some 
extent when the strains hccamc resistant. Whereas under u.sual con- 
ditions they caused uniform turhidily in ordinary bouillon after 20 
hours’ incubation, it was now seen that two of the resistant strains 
produced a pellicle on the surface and only slight turbidit.v in the rest 
of the medium. Further it was found that the penicillin-treated strains 
on inoculation on 2 per cent agar plates had lost the power of swar- 
ming, or else swarmed more slowly than the non-treated strains. 

Investigations of the increased resistance to penicillin were also 
made by means of in vivo experiments. One strain was employed for 
this purpose, namely P. 18G0, and V(: ml of a G-hour cidture thereof 


was injected into four mice. The mice were then given 2000 units of 
penicillin twice in 24 hours. Some of the mice survived the infection, 
while others succumbed. The mice that became moribund were killed, 
peritoneum was washed with saline solution and Yz ml of the sus- 
pension thus obtained was injected intrapcritoncally into otlicr mice. 
'Iho penicillin was injected subculaneously-inlramuscularly into 
the groin. On passage through 20 mice the strain increased its rcsis- 
ance so much that it grew in bouillon containing 125 units of peni- 
cilin per ml. The increase in resistance was thus comparatively small 
and the strain did not become more resistant on passage through a 
ur ler 20 penicillin-treated mice. Also here it was sought to ascertain 
penicillin-treated strain was capable of producing peni- 
chlmase, but with negative result. 
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It has earlier been found lhal species of bacteria which show in- 
creased resistance to penicillin behave in different ways when tlicv 
are again transferred to penicillin-free media. Thus E. tT Todd G S 
Turner and L. G. Drew (1945) and K. It. Eriksen (194G) ohserveti 
that staphylococci rapidly lose their po\ver of resistance and again 
become sensitive to penicillin when growing in penicillin-free media. 
This applied to staphylococci which had shown increased resistance 
in experiments in vitro. As regards hemolytic streptococci K. It. Eriksen 
(1946) found that the resistance remains unaltered on cultivation in 
penicillin-free serum bouillon. It must he mentioned that the reporl.s 
in the literature on this point are often conflicting, and the results at- 
tained by the various authors are not easily comparable on account 
of the different technique adopted in the investigations. 

Our four strains of Proteus vulgaris were transferred to penicillin- 
free media after the resistance in the experiments in vitro had in- 
creased as described. After 10 passages through bouillon we found the 
following figures for the resistance of the separate strains: P. 18G0, 
which had increased its resistance .so that it could grow in 3000 units 
of penicillin per ml, was now re.sistant only in media with up to 500 
units per ml. Of the other three strains, which just barely showed 
growth in media with 1000 units, one, P. 2354, had unaltered resistance, 
while the other two strains had a resistance corresponding to 125 
units per ml. After a further 10 passages through penicillin-free 
bouillon two of the strains were resistant in media with 125 units 
per ml and the other two strains in media containing 16 units pr. 
ml. It is to he remarked that all the strains had originally showed 
rc.sistancc to 8 units of penicillin per ml. Thus they all hecanie con- 
siderably less resistant after growth in penicillin-free broth, hut the 
power of resistance declined with varying rapidity in the individual 
strains. On conclusion of the experiment two strains had almost 
completely lost their increased power of resistance, while in the other 
two strains the resistance was somewhat higher than originally. 

In several st)ecics of bacteria it has been found that the strains lose 
their virulence when the resistance to penicillin increases. For ex- 
ample, .John E. lilair ond coworkers (1946) found this to he the case 
with staphylococci which had shown increased resistance in experi- 
ments in vitro. Similar observations are made as regards the hcmolylie 
streptococci. Investigations made by G. Rake and coworkers (1916) 
and by K. It. Eriksen (1946) show that these microbes lose their viru- 
lence when the resistance to jicnicillin has been found to incrc.ise 
during in vitro experiments. With respect to pneumococci the reports 
vary. Most often we find it stated that some strains lose their viru- 
lence, while others retain their virulence, even if the penicillin resis- 
tance increases. 

One of our strains, namely, P I860, which had been rendered very 
resistant to penicillin by in vitro experiments, was tested on mice. 
I'iftecn mice were given intrapcriloncal injections of Yz nil of a G-lioiir 
ciiltiiro and at the same time fifteen other mice received similar in- 
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jcctions of the original strain. After 24 hours 12 of the mice into which 
the resistant Proteus bacteria had been injected were dead, while 14 
of the mice in the control group had died; Aften an observation period 
of five days the same result was recorded. Thus it seems as if the resi- 
stant bacteria had retained their virulence. 

In the same series of experiments 15 mice were given injections 
in the same manner as the control group, but received at the same 
time subcutaneous-intramuscular injections of penicillin in the thigh, 
2000 units twice in the course of 24 hours. The first dose of penicillin 
was given immediately after the mice had been infected by the bac- 
teria. After 12 hours’ observation, i. e., after injection of 2000 units of 
penicillin, 13 of the mice in this group were still living, while in the 
corresponding control group, which did not receive penicillin, only one 
mouse survived. After 24 hours 8 of the penicillin-treated mice were 
living, while 14 of those in the control group had died. Accordingly it 
would seem pretty certain that penicillin has a decided effect on Pro- 
teus infection in mice. 


Summaru. 

1. On titration of the penicillin sensitivity in 10 strains of Proteus 
A’ulgaris it was found that these microbes were relatively sensitive. One 
strain was susceptible to 63 units of penicillin per ml, two strains were 
resistant to 32 units, another two strains were resistant to 16 units, 
while four strains .showed resistance to 8 units of penicillin i)er ml. 

2. In several experiments the growth of the bacteria was observed 
by direct agar microscopy. For investigation of the growth varj'ing 
quantities of penicillin were added to the agar. On penicillin-free agar 
Avas seen groAvth of ordinary short or long bacteria. With A’ery Avealc 
concentrations of penicitlin (5 units per ml) there came groAvlh of 
long and sometimes thicker threads, A\-hich did not become dissoh'cd. 
On use of 13 units of penicillin per ml of ager there came groAvth of 
long threads Avith large bodies. After 6 hours’ incubation incipient lysis 
set in, increasing on continued incubation. No increase in the number 
of the individual cells could be noted. 

3. The occurrence of numerous large bodies is a prominent feature 
in the picture presented Avhen Proteus vulgaris groAvs in media Avith 
Aveak concentrations of penicillin. These bodies seem to be more resi- 


stant to penicillin than the threadlike cell elements. TIica^ probably re- 
present A'ariation forms of the microbes. 

4. Strains of Proteus vulgaris become considerably more resistant 
to penicillin Avhen groAving in media Avith increasing quantities of the 
antibioticum. During in vivo experiments Avith mice only a moderate 
increase of resistance Avas noted. The increased resistance Avas not 
attended by production of penicillinase. The resistant strains compara- 
ively soon lost their increased poAver of resistance and again became 
sensitive Avhen cultivated in penicillin-free media. In case of one par- 
icu ar strain It Avas found that the increase in resistance Avas not 
associated Avith loss of A’irulcnce 
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DIFFERENTIATION OF BETA STAPHYLOLYSIN IN 
TWO ANTIGENICALLY DIFFERENT 
COMPONENTS-^') 

By Eigil Hess Thaysen. 

(Received for jiuhlicafion January ICtli, 19f8.) 

Filtrates of cultures of pathogenic staphylococci arc able to hemo- 
lyze erythrocytes from a number of animal species, and during the 
last decades it has been demonstrated that at any rate not all the 
hemotoxic properties of such filtrates are due to a single substance. 

Thus, in 1935, Glcnny & Stevens showed the existence of two 
antigcnically different lysins: alpha lysin and beta lysin. Besides, alpha 
lysin was thermolahile and able lo hemolyze, among others, rabbit and 
sheep blood — the latter though only at 37*’. Beta lysin was thermo- 
stabile and able to hemolyze sheep blood in connection with the »h'ot- 
cokk phenomenon (sec titration of toxin), while it was inactive for 
rabbit erj'throcytes. 

Previous attempts at further characterization of these lysins 
through a possibly present acute lethal and derinonccrotic effect arc 
now in part given up, as it has been found that in all probability we 
here are faced by a number of mutually inde])cndent toxins. Alpha 
lysins, is of more frequent occurrence, either alone or together with 
beta lysins, and only in quite a few cases are the strains found lo 
produce beta lysin almost exclusively (Forssman 1936; Bryce & 
Rountree 1936). In 1936 Morgan & Graydon lliought they were able 
to demonstrate two Ij^sins of the alpha type alphaj and alpha„ — in 
nearly all their toxic staphylococcus cultures. Usually alpha, Ij’sin 
was represented but scantily; yet, through its presence, it would con- 
siderably influence Ibe titration of alpha antitoxin-containing sera 
as antigcnically it differed from alpha, lysin. As yet we do not know 
with certainty whether these two toxin components, which originally 
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were ‘isolated by precipitation of ordinary alpha toxin, occur in in- 
fections in vivo. On this account we cannot entirely exclude Ihc pos- 
sibility that they both have developed from the same original slrain 
under the influence of the cultural conditions. 

B 5 ' means of a weak, dermonecrotic, strain (B,) isolated by Forss- 
man in 1938 Llewelhjn Smith & Price (1938) obtained a lysii/for rab- 
bit erythrocytes, designated as gamma lysin. This lysin is extra- 
ordinarily thermolabilc and it has a rather marked lytic effect on 
human hlood wich, according to Roij (1937) is very resistant to tlic 
ordinary alpha Ij'sin. Gamma antilysin has been demonstrated in 
normal sera. It has not been practicable to demonstrate a possible 
identity between gamma Ij'sin and Morgan & Craydon’s alpha, lysin as, 
regrettably, these investigators have not placed any alpha, provisional 
standard scrum at the disposal of other investigators. 

At any rate two Ij'sins of the alpha tj’pe are known, whereas 
hitherto the beta type has not been differentiated into various com- 
])onents. As it was realized even at an early date that there is no 
parallelism between the beta lysin contents of the staphylococcal toxins 
and, on the other side, their contents of leucocidin, acute lethal and 
dermonecrotic factors, this has undoubtedly contributed to slacken 
the interest in this type of lysin. In connection with the present work 
however, it is to be emphasized that Mined (1936) has isolated a 
number of staphylococcal strains pathogenic to dog that produced a 
strong beta lysin and almost no alpha lysin. On titration of this lysin 
with known. sera Minctt found so great divergences between the cal- 
culated values and those obtained that at first he mentioned the pos- 
sibility of being faced by a new antilysin. In the same work, however, 
he gave up this hypothesis, among other reasons, because the sera 
employed were found to be very slightly beta antitoxic, on which ac- 
count he assumed that the large amounts of serum required at the 
neutralization brought about the remarkable result through unspecific 
acceleration of the hemolysis. 

In this work we have been able to demonstrate a beta lysin in 
staphylococcus of canine origin with specific antigenicity. 


SIrahis. 

Ilurinp lOi.'t— ti. in routine investigation on stapliylolysin, wo received 
stapliylococcus .strains wliicli were found in pure culture in furunculosis in 
dogs. .All these sti’ains formed characteristic smooth wliite colonics on ngai 
;ind were grarn-posilive. (C imlicatc canine .strain). Only a few strains, in- 
cluding Cs, formentcfi mannitol and thus had to ho designatcfl hy aureus. 
Filtrates of hrolh cultures of all 18 strains proverl in varying degree to be 
beta lytic, whereas they wore able to hemolyse rabbit blood but slightl.v or not 
at all. Unfortunately lliose e.xperiments liad to bo discontinued for about nine 
months, and aflcu' tiiis only 5 of the original strains — all stored iti agarstabs 
at room temperature — were still alive. Ftirther, of these five strains only 
two (Cl and C.-.) were still able to produce a fairly large amount of lysin. 
while one (C.-j) produced the lysin hut irregularly anil scantily, and two 



sfmins (Cs and Cii) lost, (heir capacity for lysin production shortly after tl>c 
experiment had been resumed. It was not practicable to reactivate Cs and Cn 
through rabbit passages. Even relatively large quantities of concentrated 
bacterial suspension had no acute Ictlnrl effect on the animals. Blood cultures 
made 21 hours after the injection of the suspension (iiimed out negative. 

Tcrhnii: for ioxhi prndiiclinn. 

The cultui'e medium employed for the lysin i)i'oduction was semifluid agar 
free from .sodium chlorids and concisting of beef broth with 1% Witte pep- 
tone, 0.2% secondary phosphate and 0.2% agar (pH = 7,5). As, according 
to Wdlhum (1922), any fairly large amounts of sodium chloride inhibit the 
lysin production, none was used in this medium. Like various other authors 
(c.g. Ihmirt (1930 and 1931), Parish <f- Clark (1932) and Higaer (1933)), we 
found that the addition of agar to the medium increased (he yield of lysin 
considerabl.v. On the other hand wo were not able to decide whether the 
agar — as emphasized by nirrh-Hirschfchl (1933) and McLean (1937) — plays 
any role as adsorbent of substances in the bi’Oth (hat inhibit (he toxin 
production. 

From the thorough studies reported by Walhinn (1922), it is evident that 
(lie lysin production is greatest in neutral oi- slightly acid media (Parker, 
Hopkins <0 Gunlhcr (192G)) emiihasized (he importance of lowered aerobiosis 
and Barnet therefore recommended to lower tlic j^artial oxygen tension by 
adding 10 % CO 2 , to the atmo.sphcre in which the bacteria arc grown. 

Therefore we have carried out the lysin production in closed containers, 
ill an atmosphere with 10—10% CO 2 . .After the incubation pH was found 
to be about 7.0, with rather wide variations regardless of the initial pH of 
the medium. Under entirely aeroliic conditions pH soon adjusts it.solf to 
values between 8 and 9 and we have obtained only weak lysins in contrast 
to some investigators (Nclis (1931). Furthermore, (he lysin iiroduction appears 
to depend also on the proiiortion between the amount of medium and its sur- 
face. In the the present studies we have used Petri dishes with a diameter 
of 25 cm, and we obtained the best rc.suKs with .50 ml. medium in each dish. 

With (he ordinary staphylococcal strains the optimum period for the 
lysin production is 5—7 days’ incubation, whereas for the dog-pathogenic 
strains the curve for (ho lysin production is declining markedly already at 
this point of time, (ho yield heing greatest and most uniform after about 
.3 days’ incubation. The toxin was sterilized by filtration of the substrate 
first through filter pai)er in the Biichner funnel and then through Seitz filter. 
The lysins wore stored at 4". In (he following exi)ei’iments no lysin older than 
one months was cmployotl. 

77ic titrations of to.rin and to.vin-antitoxin. 

These titrations are performed in the usual waj' with 1 % washed 
blood corpuscles as indicator in a total volume of 2 ml. Washing of 
blood corpuscles and dilution was performed with fysiological saline. 
Ihese suspensions were used within 1- — 2 hours after their prepara- 
tion. Lysis of rabbit erythrocytes is read after 1 liour in water-bath at 
37«, while lysis of sheep corpuscles is read after 1 hour in water-bath 
and standing for 1 hour at 4". The endpoint of the titration is set at 
trace of hemolysis. As it is well known the blood corpuscles from dif- 
ferent sheeps may vary much in Ihcir sensitiveness to the lytic action, 
on account of this the results of the different experiments cannot be 
compared directly. In order to save place the figures for the controls 
are omitted in all tables. 
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Table 1. 

Determinations of the Minimal Hemolytic Dose (M. II. D.) 
for the Toxins Emplo 3 'ed. 


'J'oxin 

Sliccj) 

M. H. D. in ml. toxin 
Erythrocytes 

lUiMiit Do" 

Iliini.-Mi 

Cl 

Cl GO" for 30 min. 

0.002 

0.008 

>0.5 

> 0.5 

0.00 i 

O.OIG 

C--' 

0.03 

> 0.5 

> 0.5 


C2'(G0" foi' 30 min.) 

0.05 




c.-. 

0.002 

>0.5 

>0.5 

• 0.00 i 

Cr. (GO" for .30 min.) 

O.OIG 



O.OIG 

Cs 

0.25 

>0.5 

>0.5 


Bs 

0.001 

0.001 

0.002 

0.004 

Bs (GO'’ for 30 min.) 

0.004 

>0.5 

>0.5 ■ 

O.OIG 


The lysin production, expressed by the M. H. D. values, obtained 
with the remaining dog-pathogenic strains, is recorded in tal)lc 1 . In 
the first experiments, strain B, was employed for controls, after heat 
treatment. This strain originates from a bovine mastitis, and, like 
nearly all bovine strains, it is a powerful alpha and beta lysin producer. 
As will he noticed, the filtrates of the dog-pathogenic strains are all 
beta lytic, in varying degree, whereas even 1/2 nil. undiluted toxin in 
no instance is able to give any alpha lysis. Like the lysis of the control, 
the lysin produced by these strains is thermostahile and also, in con- 
nection with a hot-cold phenomenon, able to hemolyxe human blood 
hut not canine blood. Finally, with a view to the following experiment, 
it is to he emphasized that the alpha lysin of the control is completely 
absent after heat treatment. 

Scrum nculrulizalion. 

The relatively powerful beta lytic filtrates from C, and C. were 
investigated further by means of scrum neutralization. The culture 

Table 2. 

Dc'termiiiation of lAl/'j for Toxins Ci, Cr, .nrul I3s by Titration 
with StaTulard ^-.Antitoxin. 

... .. ml. toxin ^ I-Il.hO < DH/IO 

.Slieep blood ^ M. II. 1). 


Cl 

O.OOS 

0 

Cr. 

O.OIG 

4 

Bs 

O.OG 

8 
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Tahlc 3. 

Dclermiiialion of LH/5 for Toxins Ci, Cr. and Bs by Tili'ation 
witli Standard /5-Antitoxin. 


Toxin 1 

ml. toxin LIl/10 

LH/10 

Sheep blood 

M. H. n. 

Cl 

0.025 

G.3 

C.% 

0.020 

5.0 

Bs 

O.IG 

20.0 


fillratc of Bg served as control, and the serum here employed was 
the provisional standard beta antitoxin (Ipsen & Rostock) (1946) 
which per ml. contained 20 provisional beta units, < 1 international 
alpha unit and 7 provisional gamma units. First LH/10 was determined 
for this antitoxin, with the ratio 1 : 2 between decreasing toxin dilu- 
tions. This orientating titration showed a difference in the neutraliza- 
tion effect of the scrum on the beta lysin of the two canine strains 
and of the control. In a subsequent, more precise, titration with only 
25 % interval between the toxin dilutions the LH/5 value were per- 
formed for the same lysins. (Table 3). 

From tahlc 3 it will he noticed that Vr. unit of standard beta anti- 
toxin is 3 — 4 times less active against the lysin of and C. than 
against the lysin of the control. From table 4 it is also evident that 
the serum is less spccifical for the lysin of the canine strains — for 
which the neutralization curve is relatively flat — than for the lysin 
of the control, for which the curve is very steep. A fixed dose of toxin 
— namely the dose which, according to table 4 gives total or subtotal 


Tabic r,. 

Course of Xcidralizalion for Toxins Ci. Cr, and Bs, Titrated with 
Vs Unit. Standard ^-.Antitoxin. 


Toxin titrated with 1/5 unit 
standard /? antitoxin 



O.IG 

ml. 

-1- 

0.125 

» 

-t- 

0.100 

» 

+ 

0.080 

» 

+ 

0.0G3 

)) 

+ 

0.050 

» 

-t- 

0.050 

» 


0.032 

» 


0.025 

» 


0.020 

)> 


O.OIG 

» 



++ 

+ -1- + 

+ + + 

++ 

+ + + 

0 

+-I- 

+ + + 

0 

+ + 


0 

++ 

-t- + + 

0 

+ T 

+ + + 

0 

+ + 

+ -f- -|- 

0 

+ 

+ + 

0 

( + ) 

+ 

0 

0 

(+) 

0 

0 

0 

0 


+ + + = Total hemolysis 

+ + = subtotal » 

+ = partial » 

(+) = slight 

0 = no 


» 
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hemolysis with Vr. unit standard beta antitoxin ~ was added to 
varying dosis of this scrum, and the amount of beta units required to 
neutralize the 3 lysins was determined. Since 1 unit neutralizes f) 
times more M. H. D.’s of the control beta lysin than of the canine 
lysins, this cxpcrimcnl indicated a difference in antigenicity. 

Table a. 

Titration of Toxin from tlic Dog-))athogcnic Strains and from tlie Control 
with Provisional Standard y5-Antitoxin. 


Toxin 

No. of /? standard units 
required for the 
neutralization 

M. H. D. ~ 1 unit 
standard 

Cl (O.Oi ml.) 

0.25 

40 

Cr. (0.032 ml.) 

0.20 

40 

13s (O.IG ml.) 

0.10 

200 


Tilralion of homologous immune sera. 

Rabbits 7854 and 7855 (whose normal scrum was not anlilylic) 
were immunized respectively with C, and C. toxin. In 3 weeks the 
animals were each given 5 intravenous injections of unheated toxic 
filtrates in doses increasing from 0.2 to 2 ml. The animals were qiiilc 
unaffected by this treatment. 8 daj's after the last injection, blood was 
taken for the preparation of immune sera 7854-Cj and 7855-C.. The 
control employed in this and the following experiments was the beta 
test lysin y 17, with which the standard antitoxin is produced, and 
which is generally used in this department for determination of the 
beta antitoxin contents of a given scrum. Further this lysin prooved 
as well antigcnically as after the method of Ipsen to be described 
later in this paper to be identic xvitli the beta lysin af strain The 
toxins were titrated, using serial scinidilutions against 1/10 ml. serum 
7854-C, and 1/500 ml. scrum 7855-C., respectively (Table 6). Bolh 
lysins were cross-neutralized to the same extent by the immune sera 
produced with the homologous and the heterologous strains. The two 
sera had only a very slight effect upon the beta test toxin, 'nds ex- 
imrimcnl showed conclusively that there arc two Ij'sins of the hcla 
type — Glcnny’s classical beta toxin — in the following designated 
as beta, — which constitutes the main part of the lysin in toxins B, 
and y 17, while the other designated as beta,, is represented in thc.se 
toxins but scantily. In contrast hereto, lysin of the canine strains 
contains imcdominatly beta, and merely a (race of beta,. With the 
view to further investigation, on the basis of the results recorded in 
’Pable G, 1/700 ml. serum TSoo-C. was defined as one provisional beta., 
unit. This unit neutralizes about 160 M. II. D. betU; lysin. 
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Tabic (1. 


Titration with Ininuinc Scrum for the two Dog-pathogcnic Strains. 


Toxin 

No. of M. H. 0. neutralized by 
1/10 ml. serum 7855— Ci 

No. of M.H.D. neu- 
tralized by 1/500 ml. 
serum 7855-Cr, 

Cl 

.30 

32 

Cr. 

30—50 

32 

Yi7 

ca. 1 

2—3 


Titration of random horse sera. 

It is evident that the presence of even small, hut varying, amounts 
of beta, antilysin in the different sera will he ahlc to influence the 
determination of their contents of beta antitoxin when the composi- 
tion of the test toxin is unknown. In order to get a prcliniinarj' idea 
of the significance of this fact, the neutralizing effect of the standard 
beta antitoxin and two equine immune sera (1384 and 2035) on the 
betaj toxin (y 17) was compared to that of the two lysins of the 
canine strains. The results arc recorded in Table 7, where a fixed 
dose of toxin i. e., the dose which, according to the preceding ex- 
periments, just is neutralized completely by V.- unit of standard betaj 
antitoxin — is titrated against decreasing amounts of serum (25 % 
variation). 

Tabic 7. 

Comparison between (lie Xcutralizing Kffoct of Standard ^-.-^ntitoxin and 
of 2 Immune Sera, on )?-Lysin in Toxin Yit and in tlie Toxin of 2 Canine 
Strains, expressed in Provi.sional Standard )?-Units. 


Toxin dose 

7 

C, ! 

0.02 ml. 

Cr, 

O.OlGml. 

! Yn ■ 

I 0.14 ml. 

Standard //-antitoxin ml. 

0.008 

0.00G3 

0.0125 

« » )S-units 

O.IC 

0.125 

0.25 

Serum 1384 ml. 

0.00125 

0.001 

0.0022 

» » No. of standard 

/?-units per ml. 

128 

125 

114 

Serum 2035 ml. 

0.01 

0.008 

0.04 

» » No. of standard 

_p-units per ml. 

It) 

15.1) 

0.25 


From Fable 7 it will be noticed how many standard betUj units 
or how large quantities, of the two sera are required for the neutrali- 
aztion of the individual lysins in the given doses. In order to obtain 
a basis for comparison, from these values the potency of the two sera 
IS calculated for each toxin, expressed by the numher of standard betaj 
units per ml. scrum. Serum 1384 .seems to be considerably more potent 
lan the standard antitoxin, and the increase in potency is about pro- 
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portional for all 3 toxins (128, 125 and 114 units). Thus the 'inliK-.in 
distribution of serum 1384 must be about the same as in the stand, a 
antitoxin. On the other hand, the weaker serum 2035 shows no such 
consistency the serum being 2.5 times more potent against beta toxin 
than against beta^ toxin. - 


The following experiment aimed at a preliminary csliniation of 
the amounts of the two beta antilysin components in some sera. No 
pure betaj and beta, antilysins were available but we utilize the fart 
that in the titration of a mixed serum against two toxins that act on 
the same indicator system, it usually will be possible to determine 
the strength of the component which is more weakly represented if 
only the relevant toxin is present in excess. In this titration we as- 
sumed that only two beta lysins exist. As is evident from table 8, the 
wood toxin, the betaj test toxin and the toxins of the canine strains 
represent just such bacterial toxins where one lysin component is 
known beforehand to be represented preponderantly. Besides the 
above-mentioned sera, also a pooled normal dog serum was examined. 
The results are recorded in table 8, given in units of the respective 
antilysin per ml. serum. 


Table S. 

Preliminary Estimate of the Antilysin Distribution in a Number of Sera. 


i 

Hcd 

blood 

celts 

1. nd. .stand. 
anli-« toxin 

1. ml. pro- 
visional 
stand. 
antitoxin 

1. ml. provi- 
sional stand P -2 
anliloxin 

1 

1. ml. 

seriini 

1.1fU 

, , 1 l.ml. 

1 

\ :nom=bl.-^ 

1 i 

Vood toxin (« >/9) 
test toxin (/?i >/? 2 ) 
h toxin (/? 2 >/?j) 

Is toxin 1 

rabbit 
sheep 
sheep 
sheep 1 

20 «U.*) 

>1/10/32 U. 
>1/10/32 U. 

<1 « u. 

: 20/3 U.*): 
7.5 ^2 U- 
7.9 /32 U. 

ca.l/lOnU. 

2^U. 

100/3. U») 
' 1 OO/ 32 U*) 

80 «U. 

11-1/5U. 

50 ^2 U. i 

50/5.6. 1 
1 

(lO^U.; l,.10''f- 
- 2|'U,. 
Gfti:., in/J;i:. 

' 0/32 6. Kl^f. 


*) by definition. 

It will be noticed that both lysin components arc present in all the 
beta antitoxin-containing sera and that their mutual ratio varies con 
siderably. The provisional beta, antitoxin contains a relatively large 
amount of both beta antilysins, while the contents of alpha lysin is 
strikingly lo^Y. A similar antilysin distribution ^vas subsctiucnl > oiim 
also in all the other sera of normal dogs that we have • 

there can be no doubt that the beta, lysin is present in in cc ion.‘ 

^For control, finally^ I liavc employed the method given J’-'’ 
(1940) for demonstration of lysin relationship. When in a coor • ^ 
.system we plot the logarithms of the corresponding limes t o. 
we obtain a reaction curve (dose-time curve) that has , j, 

quite specific of each lysin. (As to particular dclai s, ic r . 
referred to the original work of Ijiscn.) 
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Fia 1 sho>YS Ihc curves for the beta test lysin and betag lysin, 
The curve for beta, lysin is obtained by employment of filtrate, 
which contains this toxin almost exclusively. 



Fig. i. 

It will be noticed that both curves within the given periods (4 — 64 
min.) arc approximately linear, and that the inclination of the curve 
is also dependent upon the lysin employed. The inclination coefficient 
of the curves of the time exponent alpha can be determined as 

^ — . The calculated values arc given in table 9 — the value 

J log. D oO 

for the alpha lysin is taken from Ipsen’s work. 

Table 9. 

Time Exponent a for Stapliylolysin. 

a is increase in log. time for decrease in log. of dose causing 50 % hemolysis. 


a lysin 

Bi (est lysin 

Be lysin 

1.25 

1.08 

1.08 


1.53 

1.00 


Here we find that the time exponents for the alpha b'sin, beta test 
lysin and beta, lysin mutually differ considerably. 

Discussion. 

...}^ established that there exist at least two antigenically 

different lysins of the type beta (betaj and beta,) and that they both 
occur side by side and in mutually varying quantitative proportion in 
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the beta toxic filtrates here examined, directly or indirccllv. The fil- 
trates of the strains C, and C- are almost entirely beta -lytic and mn 
tain practically no alpha lysin. ' ‘ 

After the conclusion of this work, we have received from Stockholm 
and England several staphylococcus strains, recently isolated from 
furunculosis in dogs. These strains had all to be characterized as 
Staphylococcus albus and in an orientating examination most of them 
were found to form a powerful beta„ lysin, and only in a few cases 
negligeable quantities of alpha lysin were produced. From Stockholm 
we were also informed that previously the cultures from furuncles 
in dogs practically always yielded staphylococci forming white colonies 
on agar. It looks as if the ordinary alpha toxin-containing aureus 
strain ‘play no pathogenetic role in dogs. But this question needs 
further investigation, especially by experimental infection of dogs. 

Finally, we have examined staphjdococci isolated from a numher 
of other animals (horse, cow, sheep, rabbit, hare, beaver) with a 
view to the lysin production. In no instance could any new lysins he 
demonstrated. 


Summary, 

In filtrates of staphylococcus cultures originating from furunculosis 
in dogs, a lysin of characteristic beta type (beta,) has been dcmonstral- 
ed. By its antigenic properties and its specific dose-lime curve ad 
modum Ipsen this lysin differs from the beta, lysin. Both lysins occur 
side by side in the ordinary beta-toxic filtrates examined so far. 
Normal dog serum contains relatively large amounts of beta; anli- 
lysin. A provisional beta, unit is defined. 

I wish to thank Dr. R. St. John-Brooks, National Collection of Ijpc 
Cultures, Lister Institute, Elstree; Laborator Per Vividen, Stockholm 
and the Royal Veterinary and Agricultural College, Copcnliagcn tor 
their valuable assistance in providing me with dog pathogenic strains. 
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PARABIOSIS AND RESISTANCE TO 
TRANSPLANTATION. II 

THE INFLUENCE OF PARABIOSIS ON THE GROWTH OF A 
MOUSE CARCINOiMA AND A MOUSE SARCOMA IN 
IRRADIATED RATS*) 

By J or gen Dichcl and Ib Holm-Jcnsen. 

(Received for publication January lOlli, 19}8.) 

In a previous communication (Bichel and Holm-Jenscn, 1017) the 
authors studied the transference of resistance to tumour transplanta- 
tion between parabiotic animals. 

The experimental animals, Wistar rats, were coupled logcllicr two 
and two to form parabiotic pairs according to the method of Riinslcr 
& Mej-^er. One or both parabions were irradiated all over with a dose of 
X-rays sufficient to make 100 per cent of single control animals tem- 
porarily susceptible to the transplantation of a mouse leukosis form- 
ing local tumorous infiltrations. Tiie leukosis was grafted into one 
or both of the parabiotic animals. 

These experiments revealed that the susceptibility of the irradiated 
rats to transplantation of the mouse leukosis would always he com- 
pletely abolished if the irradiated animals were united in parabiosis 
with non-irradiated partners, whereas the resistance of the non-ir- 
radiated parabions was never influenced by the parabiosis. 

In consequence of investigations carried out by Harris (Hlb'l) "c 
may take it for granted that resistance to heterologous transplanta- 
tions generally is not due to a primary resistance, but is dcpcncl.inl 

upon an induced immunity only. 

When the resistance to heterologous grafts once ha.s been induce . 
it apparently cannot be broken down by' irradiation. Ibis vas 
ly shown by Clemmesen (1938) for grafts of mouse sarcoma m m 

•) Aided by grants from the Anders llassclbalcb Anti-Leukemia Foundation 

and tlic Lady Tata yfemorial Foundation. 
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rats and was confirmed ])y Ihc present writers who found the same 
for'the resistance induced in Wistar rats by the mouse leukosis m 

view of the above facts our experimental results probalily in- 
dicate that the transference of resistance from the non-irradiated to 
the irradiated animal in the parabiosis is due to antibodies (against 
mouse tissue) which are called forth in the non-irradiated parahion 
by antigenic substances, which as well as the antibodies produced 
must be able to pass from one parahion to the other. 

As these experiments were carried out with a mouse leukosis, 
which often, even in the irradiated rats becomes generalized, it could 
not be ascertained whether the resistance which was induced in the 
non-irradiated parahion was evoked by transferred living cells or by 
substances derived from the graft. 

To elucidate this point further we have carried out a number of 
experiments with two mouse tumours which show very little tendency 
to metastazise. One tumour was a transplantable mouse carcinoma, 
the other a sarcoma. Previous experiments were made to make sure 
that none of this tumours would grow in normal Wistar rats, whereas 
temporary growth would take place in rats which had been irradiated 
all over with 630 r. 

The experiments were carried out exactly as the experiments on 
the mouse leukosis to which reference regarding technic and ex- 
perimental conditions may be made. 

I. Experiment.'! with a mon.ic carcinoma. 

Tlie mouse carcinoma was a carcinoma .lolidvvi oi’iginating from a mam- 
maiT carcinoma (Krebs 11 mouse carcinoma) whicli has been kept in this 
laboratorj' for many yeai's. It is a rather slow-growing tumour with a ten- 
dency to necrotizise in the older tumours. Metaslases in the mice are rare! 

The following experiments were carried out: 

/. Two Wistar rats were united in parabiosis. few days later one animal 
was irradiated all over with 030 r (the other animal hecing screened off with 
lead) and 24 hours later, the irradiated animal was grafted with the mouse 
carcinoma. Simultaneously the tumour was grafted into two single control 
animals, one irradiated the other non-irradiated. (Exp. nos. 28, 35, 39). 

Results; lakes of the tumour in all the ii'radi.ated control animal.s. No 
takes in any of the other animals. 

2. Carried out as the foregoing experiment; the only difference being that 
10 tumour was now grafted into both imrabions. (Ivxp. nos 37, 38). 

Results: As in 1. 

a. Carried out as experiment I, with the, difference that the tumour was 
now grafted into the non-irradiated parahion. (Exp. nos 62 81) 

Results: As in 1. ’ ’ 

parabiosis had been established for some days, both rats wore 
tumour was grafted into one of the parabions and simul- 
atso.(Elp.nos.l02!'loJ non-irradiated control rat 

aiafercthlf Animals' P«>-abions and in the irra- 
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n. Expcnmenls wilh a transplantable spindle cell sarcoma (Opp„u' 

This tumour is a fast-growing cellular spindle cell sarcom-f vorr i 
metastazising in the mice. sarcoma, icry raroly 

The experiments were carried out in the same way a.s the above cxim; 
ments with the mouse carcinoma. ' 

(1 corresponds to I 1 whereas 2, 3 and 4 correspond to I 2 I .3 nnd i 
Lxp. nos. 13, 14, 51, 54 and 55. Results as in I type 1. ’ ' 

» 15, 16 » )> I 

» » 82, 88 » » » j 

» » 90, 91 » » >, j 

5. In these experiments both animals in the parabiosis were irradiated and 
both of them inoculated with the tumour. Control animals as usual (Iad 
nos. 17, 18 and 19). 

Results: takes in both parabions in e.xp. 18 nnd 19 and in the irradiated 
single rats. In exp. 17 take was only obtained in one of the parabions. 


1 . 

2 . 

3. 

4. 


2 . 

3. 

4. 


These experiments clearly demonstrate that even li.ssuc-gnifl.s 
which ordinarily do not metastazise, when grafted into one parabion 
may cause a production of antibodies in the other parabion. 

This finding strongly supports the assumption that the inimunily 
in question is not dependant upon the transference of living cell.s. .So 
we have to assume that the immunity met with should be ascribed lo 
metabolites or disintegration-products from the inoculated cells. 


Siimmanj. 

Two mouse tumours, a carcinoma and a sarcoma, will grow 
temporarily in irradiated rats. If the irradiated rats arc coupled in 
parabiosis with non-irradiated animals, their susceptibility to trans- 
plantation of the mouse tumour will be abolished. The rc.sult.s are 
similar to those previously obtained with a mouse leukosis, but as 
the mouse carcinoma and sarcoma have no tendency to metastazise, 
the present experiments probably indicate that the induced resistance 
to transplantation of tumours may be developed as a result of an 
action of cell metabolites or disintegration products. 


REFERKNClvS. 

1. Bichel, J. (0 /. Holm-Jensen: .Acta path, el microbiol. scand. -1. -i-ll 

2. liunstcr, E. d: 7?. K. Meyer: Anal. Rcc. r,7: 339-343, 19,33. 

3. Clemmesen, J.: The influence of X-radiation on the 

munity to heterologous transplantation of tumour.. 

London, 1938. . 

4. Harris, M.: .Tourn. of F.xp. Zoology .9,7; 131-14:), 191.1. 



/rTln^f THF DBPAnTMENT OF PATHOLOGY OF VPS ALA VNlVF.BSFi'i . 
MeIdS PMFESSOn FAHIIAEVS. M. D.. AND PKOFESSOR 
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ON THE PATHOGENESIS 
OF APPENDIXACTINOMYCOSIS 

By Leiivarl Zcdcrgrcn. 

(Rcccivcfl for juiWicnlion .laiiunry 28tli, 19i8.) 

Apparenlly, the question of the syslcmatics of the actinomyces 
still remains to be solved. As yet, no generally acceptable classifica- 
tion has been presented. Bergen made a rough differentiation into four 
families, viz., the leptothrix, the crysipelothrix, the proactinomyccs 
and the actinomyces. The tj'pes relating to the leptothrix form long, 
gram-positive fibres and seem to occur, more or less saprophylically, 
in, inter alia, the oral cavity, particularlj' at angina, stomatitis and 
gingivitis. They have also been observed in old, callous gastric ulcers. 
The form referring to the ergsipelothrix gives rise to dysentery in pigs, 
while another belonging to the same family not infrequently causes the 
so- called erysipeloid manifested especially by persons often dealing 
with raw meat. The proactinomijces group includes numerous aerobic 
actinomyces occurring in nature. Finally, the actinomyces comprise the 
fungous form which, in the majority of cases (approx. 70 per cent), 
produces the typical actinomycosis in Man. Fungi relating to the last- 
mentioned family occur, to a large extent, .saprophytically in the oral 
cavity of the human being. 

Actinomycosis represents one of the more rare diseases. In Sweden, 
about 80 new cases arc calculated to apear annually, the majority being 
of the cervico-facial type as regards the localization. In a comprehen- 
sive statistical survey from Finland (Brofeldt), the distribution among 
the most common localizations is as follows: 


Cervico-facial localization 58.4 per cent. 

Abdominal localization 32.4 » » 

rhoracopulmonal localization .... 17.2 » » 

Cutaneous actinomycosis 2.0 » » 
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The abdominal infection is, in most instances. localized to 11,. 
leocoecal region ^vherc it gives rise to a palpably solid gniiuh, ' 
tissue, at the clinical examination often giving the iinpresWm 'of 
tumour fixed to the abdominal wall. The chronic course of Ihe infee' 
tion IS characteristic, with a marked tendency to the formation and 
mvo vement of adjacent tissues and organs. However, judging from 
the literature in this field, a primary localization in the appendix 
seems to be exceedingly uncommon. Out of the few reliable observa- 
tions made on this point, those published by Bevan (lt)04) and Kaplan 
(1923) may be mentioned here. They found no foreign bodies in the 
appendix. 


The present author has been in a position to study more closely 
a case of primary appendixactinomycosis which may be of some in- 
terest in the discussion regarding the intestinal actinomycosis. Fur- 
thermore, since it does not appear to have any parallel in the lilcralure, 
a brief account of this case seems motivated. 


H. J. A lumberer. Aged 32 years. Treated at The Surgical Dcpnriincnl 
of the Falu Hospital during the period of September 9tb— October 21st. Itlifi. 
under the diagnosis of AppencUcilis chrnn. (case record no. 2G78/1G). .-Vt Mid- 
summer of the same year, the patient fell ill with a pain in the i)it of tlic 
stomach. It was periodically very intense, often lasting for an hour or two 
and extending diffusely in the abdomen. -Mter about a month, the pain con- 
centrated mainly to the right fossa iliaca. He was affected with nausea in 
connection with the pains but did not vomit. No chills. A fair amount o( 
noise and rumbling in the abdomen. No troubles at evacuation. At an exa- 
mination on .August 8th, 19iG, a well-delimited tumour, the size of half a fist, 
was found in the right fossa iliaca, being clearly mobile. Sedimenfation rale; 
43 — 50 mm/1 hour. At admission to the Falu Hospital ten days later, llie 
patient had an unaffected general condition. Temperature: 37.-i — 38-0'’. l.un.es 
and heart: xvithout remark. Bl. pressure: 145/100 mm llg. Abdomen: .Soft bn! 
tender at deep palpation in the right fossa iliaca. No definite rc.sistanco wn‘- 
palpated. Per rectum; Distinct tenderness in the right fossa Douglasi. niood; 
Hg 90%. White bl. corp. 11000, ICOO of which were mononuclear. Sed, rate; 
43 mm/1 hour. ROnlgcn exam.: Valv. Bauhini lets the contrast matter Ibrotigb, 
the last ileum loop disclosing an excellent mucous membrane. The coccal 
not completely filled owing to a resistance, situated medially and below the 
pole. This res'istance felt tender, cau.sing a suspicion of an old appendicitis 


abscess (Saul). ' • n 

Operation (Tolagen) on Sept. 28th, on a suspicion of a tumour or I'lflaniia.i- 
tory process in the coccal pole: Appendeeloinia -f le.'tcctio cocci. ,xen.i 
.Mac Burney incision in the right fossa iliaca. It was found that la'ar;'-'- 
constituted a chronic phlegmonous appendicitis where the solir , i »io J * 
pendix, the thickness of a finger, is baked into tough fibrotic arca.s ladiw 
the small intestine and the coecum. When cxpo.scd, the "Fl'C'idix v- - 
to have been perforated approximately in the middle where an .i ‘ . ' 

was found, the size of a Spanish nut, filled xvith mc.s.sy 
appendix was removed by means of diathermy, as well as ^ 
fibrotic parts of the coecum. Primary suture. .A model a e ns . pv-,iniiiri- 
peraturc set in during the daj'S following the ojieration. .- t a 
tion three weeks after his discharge, he stated tlial he J 
troubles the whole time. Sod. rate: G mm/1 hour. P. A. D. . c 
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didtix chroii. (tb. iippenclicitis?) + AppeiulirnliUtiaxh nrtinomycoUca. A com- 
plicalccl case with intorestinp changes. The distal half of the appendix dis- 
closed a chronic-inflannnatovy, fibrous thickening of the wall, especially in 
the external layers. In the hasal part, of (he apjiendix, tiie wall was thinner 
but with marked inflammatory chango.s, partly with purulent manifestations 
of dissolution, as well as, in .several idaces, minor Itibercle-like foci in the 



Fifi. 1. 

.Apiiendix concrement 
in natural size. 


mucous membrane and llie submucosa. In (lie middle, tlic aj)])endix lumen 
was slightly dilated, coi\laining, iipart from i)us, also a concrement, hardly 
the size of a pea and re.somhling a si)iked club, whicii is an uncommon for- 
mation in this particular part (Fig. 1). The mucous membrane in the last- 
mentioned part disclosed imrulenl dissolution. In the pus surrounding the 



i* m. z. 

Section of the concrement revealing a central nucleus and 
a peiiphcral stratified part. Gram-Woigert stain, x 20. 

Acta path. Vol. XXV. 5. 


35 
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stone a mass of small fungus colonics was oliserved, consisting of n uM-nn 
positive, ramified mycelium. Thus, it was defiiiiloly ostablislied as a ca<p 
actinomyces. Fungal mycelium of a similar appearencc was also to he si'cn 
in the purulent and dissolved mucous mcmiirano. ETOininatmt of a,,- 
concrement (Zettergren): The stone was emhedded in colloidin and docalrified 
in a 5 per cent solution of trichloracetic acid. After carofiillv dissolving the 
colloidin and renewed embedding in the same material, tlie stone was suli- 
jected to serial sectioning and stained according to GramAVeigerfs method. 
Some of the sections were submitted to connective tissue staining. — The 
centre of the stone was found to consist of a nucleus which was fairly well 
delimited from the peripheral part which had a concentrically .stratified 
structure (Fig. 2). In the nucleus of the stone, here and there small vi'getal 
fragments were seen. In one place such a fragment lay in close contact with 
vegetations of a typical actinomyces mycelium (Fig. 5.). This was also to le' 
noticed in several places in the centre of the stone, often radiating towards 
the surface of the external layer (Fig. 4). However, the occurrence of myceliuia 
was here relatively sparse, onlj’’ to increase strongly in the likewise stratified, 
wart-like offshoots (Fig. 3). The delicate mycelium was gram-positive and 
ramified throughout. No cluh-likc formations were seen. In the niicletis of 
the stone, preparations of stained connective ti.ssuc disclosed fragments with 
distinct fibroblast nuclei. In the periphery of the stone, isolated gram-))nsitivp 
rods and cocci occurred, of varying size and shape. 

Summary: A man, aged 32, fell ill xvilh signs of appcndicilis. Al ope- 
ration, the appendix xvas found to be the site of a chronic, plilcginonotis 
inflammation with perforation. Dissection of the surgical preparation 
revealed a concrement in the appendix lumen, the size of a pea and 



Fig. ;S. 


Detail of one of the wart-like offshoots of llic 
Lne showing the .‘Stratified 'ogo ations of the 

ac(inom.vco.s. Gram-^^ eigci s .ii . . • • 
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no. 'i. 

I'lmpous niycpliiini in cnncpiili-ic fjmwdi zniH‘s in Hip nncipiis of Hip .sIoiip. 

Grmn-\Vpi(i:prl. slain, x 501). 

rcsenil)lin{{ a spiked cliil). 'I'lio inicro.scnpieal cxaininalinn disclosed Ihc 
occurrence of a chronic appendicitis with nclinoinyces myceiiuni, partly 
in llic pus, and partly in the imicous nieinhrane which had undergone 
purulenl dissolution. The concrement consisted of a nucleus and a 
peripherally stratiried part, both containing actinomyccs mycelium. In 
addition, in the central part of tl\e st<mc, vegetal frivginents were oli- 
served as well as a connective tissue with (]uilc distinct fibroblast 
nuclei. 



n„. r,. 

1 ungnus inycpliuin lying in direcl surface contact with a vegetal 
fragment. Grain-Weigerl stain, x 870. 


35 
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. Discussion. 

fected by chewing grass cS nr V become in- 

tr„rorrs.r<,%;rstr ’■>■ 

grams of corn or parts thercot have a nolervoX etf d " ^ 
uction of actinomyces of the salivary glands. However the\mS 
ound on these plants are aerobic, whereas actinomyces of this type 
have been observed in but a few instances in cultures from acUno 
mycotic granulation tissue or from salivary stones (Naeslund). Ac- 
cordlingly, the actinomyces occurring in nature are not, apparently 
guilty to any marked degree of communicating the actinomycosis di- 
sease to Man. Nor does direct transmission from infected persons or 
from animals to human beings, seem to be of any significance with 
regard to the origin of this disease. Still, it has been possible to cul- 
tivate anaerobic actinomyces from deposits of dental and tonsillar 
calculi. Moreover, pulmonary actinomycosis has been known to develop 
occasionally in connection with the aspiration of tooth stumps. These 
observations serve to indicate that the generally saprophytic actino- 
myces occurring in the oral cavity should, in the first place, be con- 
sidered as facultatively pathogenetic with regard to the carrier. Since 
these fungi are, however, extremely common in the oral cavity of 
healthy persons, the forementioned hypothesis seems to presuppose 
an increase in their virulence under suitable conditions. This may 
happen owing to a general or local deterioration in the power of re- 
sistance of the organism. Nevertheless, vegetal fragments undoubtedly 
play an important part in communicating an actinomycotic infection, 
not merely by serving as vehicles for the saprophytic actinomyces in 
the oral cavity but also owing to the fact that they may cause the 
injury to the mucous membrane in preformed canals (such as the 
salivary ducts, the bronchi, the intestinal canal, including the appen- 
dix) w^hich is a prerequisite for the penetration of the fungi into the 
tissue and the subsequent development of the inflammatory process. 

In the present case, it seems justified to regard the vegetal frag- 
ments occurring in the nucleus of the stone as the vehicle and con- 
servative substratum of the fungal mycelium, particularly since my- 
celian growth was ascertainable in direct surface contact with a few 
vegetal particles. Furthermore, the fact that fungal colon.cs were mo 1 
abundant in the pus surrounding the stone ■'“‘ify.y'’';”'’'” ' 
sumption that growth took place centrifugally. with the stone nucleus 
as the starting-point, and also that the symptoms " 

time when the fungus had reached the .apendtx lumen and Is tom 
had caused inflammatory irritation. However, >t remains to settle U _ 


naa caused iniiammaiuiy for 

evtent to which the actinomycosis can be regarded “ 
tbe actual appendicitis. This is a complicated matter ™ 
alia, the generally ahundant intestinal flora in the appends .nut 
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cause pure cultures of the aclinoniyces are never seen in i;";! 
actinomycotic foci. Tliis latter circumstance was obscn-c b> hhnffer 
(1912), among others, and later verified by Clocbrook, I . /John and 
Nacslnnd. Thus, the actinomyces arc invariably accompanied, to a 
varying extent, by generally anaerobic bacteria, such as slreplococci, 
fusiform bacilli, and the so-called bad. aclinomycclnm concoinilans. 
The part played bj' these bacteria in the course of the actinomycotic 
infection has not been elucidated. Direct support for the assumption 
of the actinomyces as the etiological factor in the present appendicitis 
case is obtained from the fact that fungus colonics have been found 
not only in the pus surrounding the stone, but also, to a predominating 
extent, in the mucous membrane subjected to purulent dissolution. 

The striking similarity between the concrement in the present 
case and in some salivary stones dc.scribed by Sdderhind .should be 


noted. It is manifested partly in the occurrence of a homogeneous 
stone nucleus with peripheral slralification, and ])arlly in the ])rcscnce 
of vegetal particles in the interior of the stone. The conformity also 
refers to the shape of the stone and to the localizalion of the bacterial 
vegetations in the concrement. Sdderhind gave an account of a salivary 
stone with wart-like offshoots which, as in the present author’s case, 
probably derived from the calcium-precipitating capacity of the isolated 
actinomyces vegetations. All these similarities lictwecn the actino- 
mycotic salivary stones described by Sddcriniid, on the one band, and 
the appendix concrement in the present case, on the other, offer further 
suport of the, a priori, assumed genetic connection between the con- 
crement and the inflamniatorj' process in the appendix. 

When attempting to explain the presence of the concrement in the 


appendix, this may be assumed cither to refer to a salivary stone which 
has been swallowed and has penetrated into the a]i])cndix where it 
has stuck, or to an autochthonous calculary formation. However, 
staining of the connective tissue of the concrement showed that it 
contained, in the nucleus, a number of connective tissue fragments 
with distinct fibroblast nuclei deriving from the food. This would 
suggest that the appendix concrcmcnl should be an autocblhonous 
product. 


The question now arises whether the ])hysico-chcmical iirocesses 
causing the actinomycotic stones in the salivary glands can also take 
place in other organs. According to the opinion arrived at by Naeshind 
partly by cxpciimental means, a salivary stone containing actinomyces 
appears in the following manner; The protein in the saliva is per- 
mented m the neighbourhood of tlic growing fungus, involving on the 
part of the calcium salts in the saliva a reduction in the colloid pro- 
eclion which causes the precipitation of calcium salts. Simultanouslv 
a decrease m the pH takes place next to the fungus with a change 

stratifiAr colloid and its subsequent precipitation. The 

cation typical of the salivary stone containing actinomyces oc- 
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. uffinonl cnnmtilios. Fiiulinf^s of t.piHMuiix concmncnls, similar lo 
In.t or tlu. ,„vsonl n»lhor-.s case. (ralLrnstnn. Hochuz) and Z al 

•xN. n j sl.fx Iho assuinphoM lhat. under certain conditions, approx- 
xnately he Mune prerequisites for Iho dcveIo,uncnt of concrements are 
inainfested m the ajii)eu(lix as in the salivary ducts. Unfortunately, 
no ehemieal analysis was made of the eonerement in the present 
ease. 

Apjmrentiy. as re^'ards the nature of the tuhcrclc-likc foci and 
their possible relation to the aelinoniyeotir infection, no definite con- 
elusiitns can he drawn. However, no :irid-f;ist rods were found in 
the sections sidtjeciod to e.xaminalion. 


Siuumanj. 


The present author deserihes a case of api)cndix-actinomyco.sis in 
a man <if 32 years of ape. (’>|)eralion revealed a solid, fihrotic appendix 
haUed into louph fihrotic areas hetween Ihe small inteslinc and the 
coecuin. In the middle part of the appendix a jierforation was .seen and 
close to it an al)scess cavity, the .size of a Spanish nut. At dissection of the 
orpaii, a stone was found resemhlinp a spiked club and hardly the 
size of a pea. The histolopical examination of the ai)pendix disclo.sed 
chronic inflamin.'ition of this j)art. At the site of the stone, the lumen 


was filled with pus. as well as containinp a numher of actinomyecs 
colonies. I'unpal mycelium was observed also in the mucous membrane 
which had undergone iiurulent dissolution. Ibis, according lo the 
jiresent author, speaks in favour of the etiological significance of 
aetinoinvces with regard lo the occurrence of appendicitis. The con- 
crenienrwas found to consist of a fairly homogeneous nucleus and a 
concentrically stratified peripheral part. In the stone nucleus, here 
ami there small vegetal fragments were seen as well as stratified xxgc- 
tations of lyiiical aclinomyces mycelium, in some places m irec 
contact with' each other. In the periiihcral. eoncentncally ^ 

layers, the fungus in the isolated inner parts 

manner towards the external surface layer. In the \s.u - 1 vc > 

which were also stratified, the myeeliuin was more ‘ 

L'lsewhere. In the present author's opinion, a gene 
lielween the concrement containing aclinomyces aiu ' 

|.-ro,n 11, c. „ceurrc,u-.- ol a .•onaadiye liasiie. 
he stone nucleus, probably deriving Irom the 00 c, 



551 


can be drawn llial the concrcmcnl bus in Ibis ease foiincd in Ibc aj}- 
pendix. Furlber, a striking resemblance is pointed out between certain 
actinomycotic salivary stones and tbc j)resent ai)i)endix concrcmcnl. 
The possibility of similar pliysico-cbcmical processes, Ibal give rise 
to actinomycotic stones in tbc salivary glands, is discussed, also in tbc 
present ease of a concrement formation in tbe appendix. 
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I'.NCAPSULAl'ED SOLUBLE-HAEMOLYSIN-PRODUCINC 
••TRUI. R I>HASE-' (DAWSON) PNEUMOCOCa 
OCCURRING IN THE HUMAN THROAT') 

My 'lliorolf VarktBni, 


illfccivcit fdi- jmblifalioii f('l)ni!iry Stli 1058 .) 

liroinii s { 1 ) ctassificalion of tho slrcplococci in alpha, alplia prime, 
hi'la and f,'f»iJna vandics arcordinf,’ to Ihcir effect on {he red cells 
in lilodtl afiar j)Iatos has altained j'oneral currency in haclcriological 
litcralnrc, Solulilc haomolysins arc produced only by streptococci be- 
longing to the /J-type. most regularly by those of UincefieUI’s sero- 
logical groups A, C and G. The generally accepted inability of a- 
.slrcplococci It) n>rin .soluble ly.sin is contrasted with the almost regular 
formation of such a lysiu by pneumococci (.’I, 1-1 a, 18, 25). Both of 
them oaiise a .similar greenish discoloration of the blood agar. 

In i)rac.lico the examination for soluble haemolysin may be made 
by direct titration of the haemolytic activity of a 1(3 to 24-hoHr glucose- 
broth culture. Previous removal of the bacteria by filtration is super- 
fluous. 

When in an assay of the haemolytic activity of ^-streptococci 
isol.'itcd from the throat of tuberculosis patients a few a- and a - 
haemolytic strains were included as controls, it was (juilc unexpectedly 
observed that some of (he latter completely hacniolyzed the sheep 
blood, sometitnes even in dilutions of 1 : 1,000 or higher. In the first 
tubes of the dilution series the haemoiyzed ceil suspension xsas mostly 
brownish discoloured, in addition .sometimes developing a brown floc- 
culcnt i)rccipitale. This phenomenon is seldom seen in the ^-strepto- 
coccal haemolysis. 'I'lic haemolytic activity was sometimes unexpectedly 
lo.sl at .subcuftivalion, but as a rule it could be restored by further 
l)assagcs. 

1) .An al.I.revialed ver.-^ion of Hus paper was read before the Section of Hy- 
giene and Hacteriology of tlie Swedisli Medicfil Association, November .d, Uiu. 
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Biological characteristics. 

All soluble-lysin-forming, green-producing strains so far studied 
have shown, after aerobic as welt as anaerobic incubation, their char- 
acteristic a- or a’-type of lysis in blood agar plates prepared of human, 
horse, sheep, or rabbit blood. On solid media the colonies were about 
1 mm. in diameter, somewhat irregular in shape, and had a more or 
less rough surface. (Figs. 1 and 2).^) They yielded extremely granular 
suspensions. In fluid media they grew as a loose ftocculent sediment 
resembling a tuft of cotton at the bottom of the tube, leaving the 
supernatant layer clear. 



Figs. I and 2. 

Colonics of strains 9G1 and 1082 respectively after 3 clays' incubation 

at 370 C. 


The streptococci were often somewhat elongated (Fig. 3), some- 
times however even compressed laterally, so that the longer axis of 
the cell lay at right angles to the axis of the chain. They had distinct 
though thin capsules, and were definitely Gram-positive when taken 

from young cultures. They gre\v in tangled masses of enormous chains 
and skeins (Fig. 3).^) 



') For these photographs the author i 


IS greatly indebted to Dr. J. Fahrmus. 




n> Piissing llic Slniins serially Ihrough rahbil-liiood infusion broth 
hvicc daily for a few weeks, a diffuse growth with only insignificant 
scdnncnl formation was eventually obtained. In spite of this the strep- 
tococci still formed rather long chains often consisting of up to 10 20 

individual cells. The roughness of the colonics often became less pro- 
nounced, however, without changing into the S type. (In the following 
these strains will he designated as “adapted” strains). 

Biochemically our green-producing strains behaved principally like 
streptococci of the salivarius group. Their resistance to bile was con- 
siderable, hut under suitable conditions a definite clearing of the 
coccal suspensions occurred when mixed with a 10 % deoxycholatc 
solution. more detailed analysis carried out by Dr. lirna MorclT) 


at the Stale Scrum Institute in Copenhagen, gave the following results: 
Five and ten per cent solutions of sodium laurocholalc killed the cocci 
within 10 minutes, a 2^,4 % solution only after 3 hours. 

Optochin 1 : aO.OOO in blood agar caused partial inhibition of their 
growth. The “adapted” strains were neither soluble in a 10 % sodium 
laurocholalc solution even after 0 hours’ incubation at 37“ C, nor 
inhibited by ojilochin 1 : 50,000. They showed sometimes a tendency 
towards losing their haemolytic activity. 


Serological cliaraclerislics. 

Lanccficld’y, groui) sera did not react with any of three strains 
so examined, viz.. OGl. 1082 and 1088.=) Antisera prepared against 
these three strains agglutinated homologous as well as heterologous 
strains, though the former as a rule to a somewhat higher litre 
(Table I ). No capsular swelling Avas observed. Similarly crosswise per- 
formed absorption tests revealed a close serological relationship be- 


Talilr. /. 

Agghilinalion of (he s(rains 0(il, 1082 and lOSS in 
otlicns- immune .«ora (prepared by imimmi/.ini: rabbits throe "me.s vodj 
seven weeks with formolized vaccine.s of 21)"^ serum-broth euUmes). 


.Strain 


.\iiii-yrii 


liiiiiii iiie .scr iiiii 

Anli-inS2 


Aiili-inss 


!)(!! original 
901 “adapted” 
1082 original 
10S2 “adapted’ 
loss original 
loss “adapted” 


1:250 
1:8 
I :.‘{2 
1:8 


1.128 

1:8 

1:250 

1:10 


.Spontaneous agglutination 

1:8 


1:128 

1:4 

1:128 

1:4 

1:4 


1) The author is greatly indebted to Dodor 

(liis analysis, and for lier careful serologic.d ass.ij iinoumococcal 

of those strains in homologous immune sera as well as m <3 pnoumococ 

typing sera. „ 

2) For these tests the author’s tlianks are due to Di. K. SIm S 
penhagen. 
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tween these strains, in that they were able to deplete each others 

antisera of their agglutinins. . , , 

The three original strains, 961, 1082 and 1088 were tested with 
73 pneumococcal typing sera; only 961 gave a capsular swelling le- 
action and agglutination, viz. in type 10 A serum. After "adaptation 
to a diffuse growth the strain did not react any more in this serum but 
in type 12 serum, and there only by agglutination (1 : 32), the capsular 
swelling phenomenon being quite indefinite. On the other hand, the 
strain 1088 which had not reacted initially, did so after “adaptation”, 
i. e. in the type sera 15, 15 A and 15 B by capsular swelling (litres 
up to 1 ; 32) as well as agglutination (litres up to 1 :128). Serum 
15 C gave only a weak agglutination, and no capsular swelling. 

The 961 rabbit immune serum reacted with both type 10 A and 
type 39 pneumococci, giving a capsular-swelling-titre of 1 : 8, and an 
agglutination litre of 1 : 16. The tw'o other immune sera did not react 
with any of the 73 pneumococcal type strains tested. 

Serum 961 did not react with either of two R pneumococcus strains 
tested, whereas sera prepared against strains 1082 and 1088 gave 
agglutinin litres up to 1 : 128 with these antigens. None of three R 
pneumococcal antisera did react with any of the three “adapted” 
strains. 


Soluble Haemolysin. 

Biological and physical characteristics. 

The lysin production of recently isolated strains at times varied 
greatly, occasionally dropping even to zero. How'ever, sufficientlj' fre- 
quent subcultivation of the strains made their lysin production rather 
stable. Rabbit and sheep blood corpuscles were baemolyzed to practical- 
ly the same extent. 

The lysin w'as thermolabile being partially inactivated w’hen heated 
to 45° C. for 30 minutes, and completely destroyed by raising the tem- 
perature to 56° C. When stored at — 25 ° C. the lysin broth retained 
its activity unchanged for at least one month (Table 2). After pro- 
longed storage the litre slowdy decreased. 

As a rule Seitz filtration reduced the lysin litre to some extent. 

Table 2 also illustrates twm other important properties of the 
lysin: (a) The lytic activity of the broth culture show'ed a consider- 
able, 4 to 8-fold, in some instances even 16-fold increase after the first 
freezing. Such a rise in lysin litre was noted also after storage at 
+ 4° C. (b) A proportion of the storage-inactivated lysin could be 
leactivated by treatment with some reducing agent, e. g. Na„S,0^. 

R respects the lysin greatly resembles the pneumolysin (2). 

0 1 differ from the reversibly oxidizable streptolysin O in beina 
somewhat more resistant to oxidation, at any rate to oxidation by 
hydrogen peroxide (Table 3). ^ 
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, , Table 2. 

li.c haemolytic activity of a 20l.s glucose-broth culture of strain qRl nn 
sheep reel cells after varying periods of storaKe at h- SRo 


Days of storage 
at —250 C. 

50 per cent 
haemolysis dosis 

0 

ml. 

0.016 

1 

0.002 

7 

0.002 

29 

0.008 

40 

0.032 

53 

0.032 

58 

0.064 

58, and 
subsequent 

0.008 

reduction 
with Na^SjO^ 



Serological behaviour of ihe lysin. 

The (fuestion arises of whether there exists any serological rela- 
tionship between this haemolysin and the streptolysin 0. A series of 
absorption experiments with homologous and heterologous antisera 
have been carried out to elucidate this point. 

Technique. — Serum was diluted 1 ; 50 with undiluted, active lysin 
broth. The mixture was incubated for 15 minutes in a water-bath at 
37" C. and subsequently heated for 30 minutes at 56" C. The absorp- 
tion was determined by routine antistreptolysin titration (AST) of the 
inactivated mixture. The technique used was principally that described 
by Ipsen (12) only slightly modified by the present writer (20). 
Control absorptions with heat-inactivated lysin broth or sterile broth 
showed no appreciable reduction of the serum titres. 

Typical records of some absorption experiments are presented in 
Tables 4 — 6. Serum 6 from a rabbit immunized with the lysin-forming 


Table 3. 

The effect of oxidation and subsequent reduction 

of various Ij^sins. 

on the haemolytic activity 


1 50 per cent haemolysis dosis 




llrcaled with H-CV for 4^^ at 37® C. 

Ly'sin 


heated for 

without 

1 subsequculJy 



4hSai37°C. 

subsequent 

i reduced 




reduction 

svith Na«S:Or 

Streptolysin 0 

0.008 

0.032 



Lysin 961 

0.016 

0.125 



Pneumolysin 

0.008 

0.032 




^) with 0.0375 per cent 
■) with 0.025 per cent Na^SjO.^ 
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Table 4. 

The effect of absorption with various lysins upon the anti- 
"961”-lysin titre in rabbit immune serum. 


Rabbit immune 
serum 6 


Anti-„961“-lysin 

litre 


Before absorption 

1:140 


sterile broth 

1:280 


lysin “961” 


After 

Seitz filtrate 

< 1:36 

absorption • 

lysin “961” 


with 

broth culture 

< 1:36 


streptolysin 0 

1:280 


green-producing strain 961 was completely depleted of antilysin after 
absorption with unfiltered broth cultures as well as Seitz filtrates of 
the homologous strain (Table 4). A similar effect was achieved with 
the other green-producing strains tested, for example 1082. On the 
other hand, absorption with streptolysin O had no more effect than 
absorption with sterile broth. 

•The ordinary streptolysin-O-antibody in human sera is easily ab- 
sorbed homologous streptol 3 ’^sin O (19), but not at all by the lysin 
formed by the green-producing strains investigated in the present 
stifdy (Table 5). As will be shown later on, manj^ patient sera neu- 
tralize the latter lysin more or less completely. The antilj^sin responsible 
for this neutralization was in some sera, for example F1691 in Table 
6, absorbed only' bj' antigen of the homologous type, e. g. Ij'sin “961”, 
the heterologous streptolysin O proving inefficacious. In other sera 
a definite absorption even with heterologous 0-lysin was noted, as 
recorded in Table 6 for sera B 1715 and B 1677. In serum B 1677 the 
heterologous absorption actually surpassed in effect that obtained with 
the homologous Ij'sin. 

The presence of lysin-forming green-producing streptococci in the 
throat prompts the-question of whether specific antilysin is formed by' 


Table S. 

The effect of absorption witli various lysins upon the anti- 
streptolysin-O-titre (AST) of patient sera. 


Serum 

AST 


1 B 1677 

( BT691 1 

B 1715 

Before adsorption 

1:560 

1:800 

1:1100 


After [ sterile broth 1:560 1:800 1:1100 

absorption | streptolysin 0 ^1:36 ^1:36 ' ^ T36 

with [ lysin “961” 1:560 1:1100 l’:560 
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77/ ble. (1. 

Hic effect of absorption with various lysins upon the anti-“961”-lysin 

litre of patient sera. 


Serum 


Anli-„96r‘-lysin litre 


Before absorption 


After r sterile brotli 1:140 1:5G0 1:400 

absorption j streptolysin 0 < 1:3G 1:400 1:140 

willi I lysin “9G1” 1:70 1:50 1:140 


the carrier organism. If so, does this antilysin — in the following 
called “anti-a-streptolysin” — - interfere with the ordinary antistrepto- 
lysin-O-reaction? 

A number of patient sera have been simultaneously titrated with 
streptolysin O and lysin of green-producing cocci, as well as in some 
instances with pneumococcal lysin. There was considerable overlap- 
ping inhibition of the heterologous lysins by Todd’s standard anti- 
slreptolysin-O-immunc serum. This made it possible to use the Todd 
immune serum as an arbitrary standard also for the other lysins, no 
homologous standard sera being available. 

Figs. 4 and 5 summarize the titration results in patients’ sera. 
The throat swabs of those 31 subjects, the serum titres of whom are 
given in Fig. 4 had been examined with particular regard to the pre- 


+ 





CASES 

Patient sera titrated 
soluble-lysin-forming 


Fig. 4. 

with streptolysin 0 and lysin 9C1 respectively, 
green-producing streptococci found in throat swaii. 





CA S£S 


Fi<l. •'». 

I’aliont sora tHralod with lysin tM>l aiul pnoumolysiii rasiioctivcly. 


scncc of lysin-forniing {'rccn-producing slrcplococci, liighl of Ihoin 
save posilivc findings of such organisms (in llic figure they arc marked 
with a plus sign). Of 13 palienls the anli-fi-slrcitlolysin litres of whom 
exceeded the arbitrary (Todd-serum-caliltralcd) Itordcr value of 200 
units six, i. c. 46 %, had such streptococci, as against two or 11 % of 
18 patients with lower litres. In other words, there seemed to ensue 
an actual stimulation of specific antibody fonnalion. 

From Fig. a it will he seen that a definite parallellism exists he- 
tween the anli-a-strcptolysin and anli-imcumolysin litres of the sera. 

On the other hand. Fig. 4 suggests a certain connection to exist 
hetween the anli-a-slrci)lolysin and anti-slrcplolysin-O-lilres, in that 
sera with elevated anlislreplolysin-O-litrcs (AST over 200 units) on 
an average also have a higher anti-a-strcptolysin litre than sera with 
non-elevated AST. The mean anli-ct-slreplolysin litres were 200 and 
04 units, for respective groups. However, considerable exceptions from 
the general trend were noted. 

It seemed, thus of importance more in detail to analyse whether 
the presence of soluhlc-ly.sin-forming green-producing streptococci in 
the throat interferes with the AST of the patients. In Fig. 6 the AST 
frequency distribution among 27 ^-slrcplococcus-ncgalivc patients 
found to harbour at least on .some occasion, lysin-producing green 
streptococci, arc compared with the corresponding distribution among 
158 other /9-slrcplococcus-ncgalivc patients collected at random and not 
examined for .soluhle-lysin-producing slre])locncci. There was no ten- 
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Fig. 6. 

Frequency distribution of tlic antistreptolysin titres (AST) among 27 /S-strep- 
tococcus-nogativc carriers of soluble-lysin-forming green-producing strepto- 
cocci, and 158 patients collected at random, similarly without /((-streptococci. 

dency towards raised AST values in the former group. Thirty-three per 
cent of them had an AST over 200 units as against 32 per cent of the 
other group of /9-streptococcus-negative subjects. 

Discussion. 

As early as in 1934 Todd (24) reported that high-titre anti-strepto- 
lysin-0 sera from hyperimmunized horses neutralized also pneumo- 
coccus haemolysin, though more antibody was required than for 
neutralizing streptolysin O. Nevertheless, no distinct rise of the AST 
in (human) sera from cases of clinical pneumococcal infections has 
been observed (26). On the other hand, pneumococcal infections do 
raise the antipneumolysin titre (17, 18, 24). 

The great resemblance between the soluble lysin discussed in the 
present study and the pneumococcal lysin, as well as between their 
specific antibodies, is remarkable. Their possible identity should be 
seriously considered. This makes the interest gravitate towards the 
much debated problem of the differentiation of R pneumococci from 
alpha-streptococci, and the transformation of one into the other. This 
problem cannot, however, be fully discussed here. Several surveys of 
the subject have been published (11, 16). Opinions are still very 
controversial. 

Furthermore, attention should also he called to observations in- 
dicating the existence of /9-streptococci, which under certain condi- 



lions produce a definite a-haemolj'sis in blood agar plates (2, 4, 9, 10). 
However, closer scrutiny of the data reported reveals the non-identity 
of these strains and those dealt with in the present papei . 

Recently Morch (13, 14) has reported on the existence of en- 
capsulated streptococci serologically related to certain types of pneumo- 
cocci. She isolated from human throats two a-streptococcal strains 
possessing eapsules wliich gave a distinct swelling reaction in ceitain 
pneumococcal typing sera. They were completely insoluble in bile, 
resistant to optochin 1 : 50,000, and one of them reacted with Lance- 
field’s group H serum. 

As early as in 1934, Paul (23) stated that “a growing literature 
hears witness to the fact that the actual differences between some R 
pneumococci and streptococci arc occasionally so slight as to reach 
the vanishing point”. All or most of the customary diagnostic char- 
acteristics, viz. capsules containing specific polj'saccharide, diffuse 
growth in fluid media, bile solubility, optochin sensitivity, mouse 
pathogenicity, etc. arc more or less completely lost wdicn the S pneumo- 
cocci dissociate to R forms. This occurs with old laboratory strains, or 
when the pneumococcus is grown in the presence of s])ccific immune 
serum, hile, optochin, or similar agents. Such variants may he very 
hard to differentiate from alpha-.streptococci. According to Paul (23), 
their reversibility to the parent S type is the ultimate criterion upon 
which ought to rest the claim that they actually arc pneumococci. How- 
ever, the fulfilment of this postulate seems to he attainable only in 
a few' instances (23). On the other hand, the suppression of the 
solubility in bile is rarely complete. Most R strains of pneumococci 
display only an increased resistance to the action of bile — as did the 
strains studied here — while very few’ become really insoluble in bile 
( 8 , 22 ). 

Wilson and Miles (25) state: “It has been quite clearly demonstrat- 
ed within recent years (3, 5, 11) that the pneumococcus, when grown 
under suitable conditions, produces a soluble haemolysin of the oxy- 
gen-sensitive, heat-sensitive tyj)c, which undergoes reversible oxida- 
tion at low' temperatures. Whether other streptococci that produce a- 
haemolysis would also elaborate a filtrahle haemolysin under suitable 
conditions is at present unknown.” Of course, such a statement seems 
to support the supposed pneumococcal nature of the streptococcal 
strains discussed in this paper. 

As a matter of fact, they show a great resemblance to the extra- 
ordinarily rough R pneumococci described by Daw'son (6, 7) as dis- 
sociants developing from ordinary R pneumococci when subjected to 
prolonged cultivation at 37° C. He thought that they represented the 
"true” R pneumococci, whereas the form previously regarded as R 
might he better termed S, and the S form in turn as M (mucoid) (7). 
Da\yson’s “true” R pneumococci consisted of plump cocei and cocco- 
bacilh m tangled masses of enormous chains and skeins. In fluid media 

Acta path. Vol. XXV. 5. 
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they gave a sedimented type of growth resembling a tuft of cotton 
at the bottom of the tube. They were soluble in bile, and possessed 
cornparatively little virulence for mice. No statements were made as to 
their haemolysin production, capsule formation, or serological be- 
haviour. 

It is of course possible that a dissociation of ordinary pneumococci 
into Dawson’s ultimate “true R phase” occurs not only under ex- 
perimental conditions, but also in a “natural” environment such as 
the human throat. But if this is true, it is to be admitted that the 
persistency of capsules about such pneumococcal dissociants is a rather 
unexpected phenomenon. Anyhow, Dawson (6) has actually reported 
that colonies similar to his extremely rough variant were frequently 
found in cultures from normal throats. Furthermore, in a study of 40 
rough methaemoglobin-producing colonies in sputum cultures from 
subjects with respiratory infections, Paul (21) found 12 bile-soluble 
strains. Two of them consistently exhibited reactions which were 
typical of R pneumococci. The other ten did not offer definite evidence 
of being R pneumococci, but it seemed not unlikely that they re- 
presented intermediate or related forms. 

The existence in the normal human throat flora of R pneumococci 
more or less capable of reversion into virulent S forms may constitute 
an important reservoir for the ubiquitous pneumococcal agent. 

Summary. 

From the human throat have been isolated encapsulated green- 
producing streptococci which formed a soluble haemolysin. They seem- 
ed to be closely related to, or even identical with, Dawson’s “true R 
phase” pneumococci. They grew in extremely rough colonies, and gave 
in fluid media a sedimented type of growth resembling a tuft of cot- 
ton. They -were only moderately sensitive to bile and optochin. There 
was a definite serological relationship between several of these green- 
producing strains and various pneumococcal types. 

The soluble haemolysin formed by these strains was found to be 
closely related to the pneumococcal lysin. On the other hand, the 
relationship to streptolysin O was far less close, although some sero- 
logical overlapping did occur. How'ever, no definite interference ^yith 
the antistreptolysin reaction could be demonstrated. Human carriers 
of such soluble-haemolysin-producing micro-organisms w'ere found to 
some extent to form specific antilysin. 

The observations lead up to a discussion of the taxonomy of pneu- 
mococci and alpha-streptococci. 

(The expenses of this study were defrayed by grants from the 
Sw'edish National Association against Tuberculosis.) 
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POSITION DANS LA SYSTEMATIQUE ET NOMEN- 
CLATURE D’HAVERHILLIA MONILIFORMIS 

Par A. Ti. Prevot. 

(Regu par la redaction fevrier le 9e 1948.) 

Dans un article recent, Thjotta et Jonsen (1), ayant ^udie une 
souche de H. moniliformis, ont propose de la nommer Streptothrix 
muris ratti Schottniuller 1914. J’ai moi-meme propose en 1946 (2) 
uno autre comhinaison; Haverhillia moniliformis (L. N. P.) nv. comb, 
et me propose dans cette note de soutenir cette appellation. 

1. Genre. Le terme generiquc Streptothrix propose par Cohn en 
1875, n’a jamais ete defini et est actuellement, de ce fait, tombe en 
desuetude, rem place par Actinomyces, Harz, bien defini par la mor- 
phologic de son espece-type A. bovis; »filament a extremit^s renflees, 
mycelium multiramifie, divise en segments fonctionnant comme coni- 
dies, immobile, Gram-positif«. Tlijotta! et Jonsen ayant eux-meme 
rejete le rattachement au genre Actinomyces dont I’espece monilifor- 
mis n’a pas les caracteres (absence ou ebauche de ramifications, Gram- 
negative) on comprend mal pourquoi ils le rattachent a Streptothrix, 
synonyme actuellement inusite. 

Quand on examine I’cnsemble des genres bien definis et admis, on 
n’en voit aucun pouvant admettre I’espece moniliformis sauf le genre 
Haverhillia, propose par Parker et Hudson en 1926 (3) et defini: »ba- 
tonnets et filaments Gram-negatifs, polymorphes, formes renflees et 
spheroi'des, immobiles, ebauche de ramification; besoin de facteur X 
et V, anaerobic facultatif«. Ce genre est correctement forme et en 
accord avec le Code international de Nomenclature, termine a Copen- 
hague en 1947. J’ai precise (4) sa position dans la systematique en 
1946: il se rapprochc morphologiquement du genre Spherophorus 
dont il ne se distingue que par I’anaerobiose facultative et le besoin 
en facteurs X et V. Je le considere done comme un sous-genre de 

1) Thjotta et Jonsen. Acta Path, et Mici’ob. Scandin., 1947. XXIV. 334. 

2) .A. R. Prevot. Ann. Inst. Pasteur 1946. 72. 297. 

3) Parker et Hudson. Am. Journ. of Path., 1926. IL 357. 
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Spherophorus cl ainsi, Ic place dans la fainillc dc Spherophoracenc (4) 
on Actinomycctalcs Gram-negalivcs. 

II. Espccc: Le premier nom specifique correclcmcnl defini el cor- 
respondanl a une especc bien decrilc csl inconlcslablcmcnl monilifor- 
mis Levadili, Nicolau cl Poincloux 1925. Lc nom specifique multifor- 
mis est plus recenl d’un an (5). Lc nom de I’cspecc aclucllcmcnl cn 
cause csl done Hancrhillia moniliformis (L. N. P.) P. 1946. 

Celle especc csl-elle idenlique a ccllc qui a elc decrilc cn 1914 
par ScliollmuIIcr? II csl difficile dc I’affirmcr, la souclic dc Scholl- 
mullcr clant disparuc cl n’ayanl pas ele suffisammcnl cludicc, la con- 
fronlalion esl impossible. II csl egalcmcnl difficile d’affirmcr I’idcn- 
lile de H.moniliformis avee I’cspecc H.piliformis Tizzer 1917 — 18, qui 
esl cerlaincmenl Ires voisinc mais non lolalcmcnl la memc. A cc sujel 
il esl bon de se rcporlcr a la mulliplicile dcs cspeccs du genre voisin 
Spherophorus, especc-lype. Sph. fundiiliformis (jui comprend 17 aulres 
especes Ires voisincs mais loulcs Ires bien individualisecs cl donl 
I’aulonomic s’affirmc cliaquc jour davanlagc (4). II esl probable que 
lc genre Hoverhillia ren ferine, comme Ions Ics genres jialbogencs pour 
I’hommc el Ics animaux dcs c.siieccs nombreuses cl Ires voisincs, donl 
I’especc-lype scrail H. moniliformis (Syn; H. multiformis) cl Ics aulres 
cspeces: H. muris ratti, H. piliformis, cn loul Ires voisincs, mais pas 
forccmcnl idenliques. Aussi, quand une souebe de cc genre csl isolec, 
il y aurail inlerel a delermincr lous scs caraclcrcs non sculcmcnt 
morphologiqucs cl culluraux, mais encore sa slruclurc anligenique, sa 
biochimic, afin dc savoir si cel hole de la cavilc buccalc dc nombreux 
rongeurs: souris, rals, rals-palmislcs, clc., csl unique ou mulliplc. 


Le\aditi, Nicoliiu et, Poinclou.x. C. H. Acntl. Sc., 1925. ISO. 1188. 
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A SHORT REPLY TO A. R. PREVOT 

By Th. Thiotla and Jon Jonsei}. 

(Received for publication february 9tb, 1948.) 

When we preferred the name Streptothrix muris ratti for the 
microhe in question the reason is that this is the name given the 
microbe hy Schottmiiller in his paper of 1914, when this organism was 
first described. It does not seem doubtfull that Schottmiiller really 
had the organism in his hands at that time and thus had the priority 
of the name. Besides, the term Streptothrix gives some impression of 
the microbe as being a more or less threadlike and chainlike organism, 
while the term Haverhillia does not give any impression whatever 
of any character, but merely alludes to a small town in Massachusetts, 
unknown to the majority of mankind. Further the definition of Ha- 
verhillia does not very well meet the characters of the microbe des- 
cribed by us, as our strain did not show any branching and was not 
dependent upon X and V. 

However, the most important question in this connection is the 
avoidance of the term Actinomyces and the reaching of a name under- 
stood and used by all. On that ground we are quite willing to second 
Dr. Prevots proposal and accept his term Haverhillia moniliformis, 
especially as the speciesname moniliformis gives a very good im- 
pression of one of the morphological factures of this organism. 



^i^ATOMY UmVERSiry OF HELSINKI (CHIEF: PROFESSOH 
• ABNO SAXEN, M. D.) 


THE ROLE OF THEBESIAN DRAINAGE IN THE 
DYNAMICS OF CORONARY FLOW IN CASES 
WITH AND WITHOUT CORONARY SCLEROSIS 

By Pcnlli 1. Halonen and Alvavi Aho. 

(Received for publication February 16th, 1948.) 

As early as 1898 Pratt suggested that the cardiac muscle might 
he fed by some accessor 5 ’- channels apart from the coronary arteries. 
Strong support for this view has been received from cases with oblite- 
ration of long standing of both coronary arteries during life. Such 
cases have been described by Pratt (1898), Kretz (1928), heart) and 
Wearn (1930), Cabot and Mallory (1930), and by Scott and Holz 
(1931). Cases in which the narrowing of the coronary arteries is out 
of proportion to the data of the clinical history, are also surprisingly 
frequent on autopsy hoards. This fact forces us to seek for some other 
channels, apart from the coronary arteries, which might have served 
as portals of entry for the nourishing blood into the heart muscle. 
According to Bcllet (1946) the following ways may be considered; 
1) extracardiac anastomoses, 2) the Thebesian vessels, 3) reversal of 
flow in the coronary veins. Bellet points out, basing his view mainly 
on the investigations of hanger (1880), that extracardiac anastomoses, 
owing to their small size and number, and their location along the 
bases of the aorta and the pulmonary artery, cannot be of major im- 
portance clinically. It is quite possible, on the other hand, concludes 
Bellet, that the Thebesian veins by virtue of their number may con- 
tribute to the feeding of the heart muscle all the more so as the nar- 
rowing of the coronary arteries favours a reversal flow in them. 
Poirier, Charpij and Nicoles (1912), and also Yater (1926), it is true, 
demonstrated the fact that, in the presence of complete occlusion of 
both coronary arteries, blood may he transmitted by auricular con- 
traction from veins into capillaries, and conversely, from capillaries 


into auricles by ventricular contraction. In Belief opinion it is of less 
significance to the nutrition of the heart muscle, this being venous 
blood and poor in oxygen. 

The number of the Thebesian channels and their distribution be- 
tween the various sections of the heart has been subject to numerous 
investigations (e. g. Kretz 1928, Wearn 1928, 1933, Grant and Viko 
1930, Ungern 1934, 1938, Halonen and Tossauainen 1941). In this study 
we are making an attempt to determine the number of the Thebesian 
channels in the various sections of the heart. In doing that, we have 
devoted particular attention to observing those cases in which an 
advanced coronary sclerosis is present, in order to find out whether 
there be some coincidence of changes in the total volume of the Thebe- 
sian channels, either in the whole of the heart or eventually in the 
ventricles alone, where the demand for food is greatest. 

The method we have employed is very much the same as that used 
by Lendrum, Kondo and Katz (1945) in investigating in dogs the role 
of the Thebesian channels and the coronary veins in the dynamics of 
the blood flow in the various sections of the heart. We were, however, 
not aware of their investigations beforehand. The procedure used by 
us was, briefly, the following: The hearts of the test animals (calves) 
were removed immediately after they were sacrificed. Also the hearts 
of the human subjects were, as a rule, taken immediately after death. 
As a matter of fact, hearts removed later than 24 hours after death 
were never used. The auriculo-ventricular orifices were sealed with 
an artificial valve device, consisting of a rubber ring covered with 
a rubber membrane, which was by means of »kochers« and the fingers 
introduced through the aorta or the pulmonary artery into the corre- 
sponding cardiac cavities and placed in the A-V openings. The next 
step was to pass a drainage cannula through the superior vena cava 
into the coronary sinus and another one by the same route directly 
into the right auricle. The venae cavae were, both of them, fastened 
with a ligature tightly to the cannulae. One of the pulmonary veins 
of the left auricle was cannulated, the others were completely occluded. 
Drainage cannulae were then inserted through the aorta into each of 
the two coronary arteries and a third one into the left ventricle. One 
of the cannulae was passed by way of the pulmonary artery into the 
right ventricle. The aorta and the pulmonary artery were then 
tightened round the cannulae. The next step was' to rest the artificial 
A-V valves for tightness by injecting physiological NaCl solution into 
the two auricles and ventricles of the heart at a slight extra pressure. 
When observing the cavities beyond the devices after the injection, the 
absence of leakage was proved to be complete. Finally, both coronary 
arteries were perfused with physiological saline solution at a constant 
pressure of 150 mm Hg, and after the lapse of a fixed period of time 
the various drainage components were calculated, i. e. the flow into 
the coronary sinus, the right auricle and ventricle, the left auricle and 



ventricle, was measured. The initial pressure ranged from 100 to 200 
mm Hg, but since no appreciable difference could be observed be- 
tween the amounts of fluid drained tbrougb the different cbanncis, 
a constant ])rcssurc of 150 mm Hg was maintained during Ibc later 
stages of the i)rocedurc. The method used by us differs from that of 
Lendrnm and collaborators in two respects; 1) their artificial A-V 
partition is unlike our rubber ring device, 2) they collected the fluid 
drained into the left ventricle by means of a cannula introduced into 
it tbrougb a stab wound at the apex. 

We understand that the de.scribed method cannot yield any ab- 
solute values. The cardiac oedema, which develops during the course 
of the experiment, and which constitutes on increasing load on the 
myocardium and its small vessels, already eliminates the possibilitj' 
of obtaining such values. In order to secure more accuracy we have 
endeavoured to perform all the experiments under identical con- 
ditions. Moreover, no guarantee can be given that a slight leakage 
docs not take place past the margins of the artificial A-V valves. Nor 
can the collection and measurement of the fluid volumes be absolutely 
accurate. All the experiments showed, in addition, tissue leakage, the 
amount of which varied, but never exceeded KI per cent, as tbc fol- 
lowing tables will demonstrate. In spite of tbc possibility of consider- 
able inaccuracies, — maybe even others than those mentioned — , we 
nevertheless bold that some iiicture of tbc volume of the Thebesian 
cbanncis in the various sections of the heart and of i)ossiblc larger 
variations in that volume, may be obtained by means of the method 
describes. The below table summarizes tbc data yielded by this me- 
thod in our experiments on calves’ hearts. 
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Partition of coronary flow drainage in calf. 
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30 
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20 
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29 
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It appears from this table that considerable divergencies between 
the various sections of the heart can be demonstrated in various sub- 
jects. It is striking, too, that a substantial part of the fluid drained via 
the Thebesian channels empties itself into the ventricles. The di- 
stribution of the right heart drainage between the coronary sinus and 
the right ventricle is fairly equal, the amounts of the fluid drained 
directly into the right auricle, on the other hand, being considerably 
smaller. These figures are very much the same as the values obtained 
in dogs by Lendrum, Hondo and Katz, with the exception of the right 
auricle drainage value, w'hich is appreciably higher in their findings. 
It is of interest to note that the values of the left and right heart 
coronary flow drainages obtained by Lendrum and his collaborators 
by means of this method correspond to the coronary flow drainage 
values in the experiments of Katz, Jochim and Weinstein (1938) 
yielded by live hearts. 

In order to find out whether there be some evidence of an increase 
in the volume of the Thebesian channels in man in the presence of 
coronary sclerosis, as might be expected, provided they act as sub- 
stituting factors, we have employed the method described above in 
investigating 16 human hearts, which did not show any signs of 
coronary sclerosis and 13 human hearts with considerable coronary 
sclerosis. The results appear in the following tables (N;o 2 and 3). 


Tabic 2. 

Partition of coronary flow drainage in man without coro]iai-y sclerosis. 
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42 
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15 

25 
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33 
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22 
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22 

28 

10 

21 

32 

3 

24 

26 
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30 
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2 

18 

20 
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29 
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27 
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60 
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9 

70 

20 

10 

52 

38 

10 

59 

33 

8 

59 

30 

11 

72 

21 

7 

75 

25 

— 

62 
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Mean 28,6 6,5 27,0 3,9 

Standard 28,6+2,4 6,5+0,6 27,0+4,2 3,9+2,2 24,9+1,8 62,0+2,7 29,3+4,4 9,0+0,8 
deviation > — > . — > > — 
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Table 3. 

Pailition of coronary flow drainage in man in cases of coronary sclerosis. 
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39 
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IS 
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2G,0+1, 

5 2,.5+0,3 

15,5+1,2 

75,1+1,7 

18+1,9 

6,2+0. 


On closer examination of table 2 \vc observe that tbe role of the 
thebesian channels in the drainage of the ventricles is of far greater 
importance tlian earlier investigations of injected preparations have 
been able to demonstrate. In addition to this great individual variation 
can be noted. The role of the Thebesian channels appear to be sig- 
nificant in the venous circuit of the right ventricle. In the right auricle 
they arc obviously of less importance, the fact being that several 
other veins empty themselves into the right auricle apart from the 
coronary sinus, namely vena cordis parva, venae ventrales, vena 
Galeni and the s. c. Zuckerkandi’s channel. According to Gregg, Shin- 
ley and Bidder (1943) a large amount of blood is drained in vivo at 
least via venae ventrales, directly into the right auricle. 

If wc compare the coronary drainage values in cases with coro- 
nary sclerosis with the values of healthy hearts, no appreciable diffe- 
I cnees can be noted. Not even the ventricles show, as might be ex- 
pected, larger coronary drainage values in the presence of coronary 

C Z' I /i c* T f* 


In short, we have not been able to demonstrate in instances of 
coronary sclerosis and 13 human hearts with considerable coronary 
channels. This does not mean, however, that a reverse feeding of the 
heart muscle from the direction of the cardiac cavities by way of the 
lebesian channels cannot take place in those cases in which coro- 
nary sclerosis is present. It is well known that the bases of the coro- 

narrowing process in them occurs, show a re- 
uced pressure, and this conditions facilitates the reverse flow from 

chanTeh." ThebesTan 
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Summarij, 

The coronary arteries of hearts were perfused with physiological 
saline immediately after sacrificing the animals, and the coronary 
arteries of human hearts in the same manner soon after death, both 
in case which presented a very marked coronary sclerosis and in 
those in which no coronary sclerosis could be shown. The volumes 
of the drainage into the coronary sinus, the right auricle and ven- 
tricle, the left auricle and ventricle were measured separately. Special 
artificial partitions were used to seal the auriculo-ventricular 
openings. 

The technical details and the inaccuracies of the method have 
been described. 

The detailed results have been presented in tables. The flow into 
the right ventricle via the Thebesian channels was shown to be 
significant magnitude both in human and in calf hearts. 

The Thebesian drainage was not more significant in cases with 
coronary sclerosis than in those without any sclerotic condition. 


REFERENCES 

Bellet, S.: Stroud, W. D., The Diagnosis and Treatment of Cardiovascular 
Disease, Philadelphia, 1940, I, 501. 

Cabot, R. C. and Mallory, T. B.: New England M. J., 1930, 202, 287. 

Grant, R. T. and Viko, L. E.: Am. Heart J., 1930, 5, 412. 

Gregg, D. E., Shipley, R. E. and Bidder, T. G.: Am. J. of Phys., 1943, 137, 732. 
Halonen, P. I. and Tossavainen, P.: Acta Soc. Med. Fcnn. »Duodecim« ser. A., 
1941, 23, 1. 

Katz, L. N., Jochim, K. and Weinstein, IF.: Am. J. of Phys., 1938, 122, 252. 

Kretz, J.: Virchow’s Arch. f. path. Anat., 1928, 266, 647. 

von Langer, L.: Sitz. d. Kaiser. Akad. d. Wiss., Wien, 1880, 82, 25. 

Leary, T and Wearn, J. T.: Am. Heart J-, 1930, 5, 412. 

Lendrum, B., Rondo, B. and Katz, L. N.: Am. J. of Phys., 1945, 134, 243. 
Poirier, Charpy and Nicoles: Traite d’Anat. liumaine, 1912. 

Pratt, F. H.: Am. J. of Phys., 1898. 

Unger, K.: Z. Anat., 1938, 108, 350. 

Wearn, J.: Am. Heart J., 1933, 2, 143. 

Yater, IF. M.; Arch. Path., 1926, 7, 418. 



pathological 


INSTITUTE, LUND. PIIOFESSOH C. G. AHLSTTtOM. 


A CASE OF WEGENER’S GRANULOMATOSIS 

By Sven Johnsson. 

(Received foi- publication Foln-uary iCtb, 19i8.) 

Generalized vascular diseases are of great interest both from an 
etiological, paGiological-anatoinical, and clinical point of view. Fore- 
most among these are periarteritis nodosa, rheumatic arteritis and 
thromho-angiitis obliterans, hut the generalized vascular changes 
which are sometimes observed in septic conditions are also of definite 
interest. 

Wegener (1936, 1939) was the first to describe as a special disease 
a both clinically and pathologically-anatomically well characterized 
condition with vascular changes similar to periarteritis nodosa and 
with formation of granulomas in several organs. 

Clinically the disease is characterized b^' a fatal outcome after 
4 — 7 months; it begins with rhinitis, developing into a gangrenous- 
necrotic process of the nose, throat and respiratory tract with a septic 
picture, high sedimentation rate and, finally, uremia without elevated 
blood pressure. 

The pathological-anatomical examination reveals an ulcerous- 
necrotic inflammation within the nasal cavity, throat, and larynx as 
well as generalized vascular changes. Microscopically most organs 
show pictures suggestive of periarteritis nodosa. In the kidnej’s, more- 
over, numerous periglomerular granulomas are seen. These consist of 
radially arranged fibroblasts w’ilh leukocytes, lymphocytes, and plasma 
cells. The glomeruli within the granulomas are entirely or partly ne- 
crotic, sometimes replaced by fibrous tissue. 

After Wegener (three cases) five identical cases have been publish- 
ed {Postel & Laas, 1941, 2 cases; Lindsay et al., 1944, one case, and 
Ringertz, 1947, two cases). These 8 cases all showed changes in the 
lungs and they had developed renal failure with uremia. The changes 
were most pronounced in the lung.s, respiratory tract, spleen, and kid- 
neys. The most pronounced changes were the conspicious peri- 
glomerular granulomas deviating from the ordinary picture of peri- 
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arteritis nodosa. The other organs showed arterial changes similar to 
periarteritis nodosa, as well as aneurysms, and, in the lungs, pneu- 
monias with diffuse necroses and giant cells. The changes are to a 
certain degree similar to those found in allergic cases, where asthma 
or rheiima has dominated the morbid picture. All these authors have 
considered the disease to be related to periarteritis nodosa. 

One more case will be reported in addition to these 8 cases which, 
moreover, presents a clinical picture illustrating a difficult differential' 
diagnosis. 

Case report: 

Oto-rhin. lar. Journ. 528/43 B. S. $ 57 years old. 

The patient has previously been in essentially good health. One or two 
months before admittance to the hospital she noticed that the hearing in 
the right ear was reduced. Examination of the oar 1C. 4. 43 revealed an in- 
flamed nasal mucous membrane and transudate in the right middle car. 
Paracentesis was performed. Ear-ache and sparse secretion set in. The 
heai’ing gradually became more impaired and at the same time the patient 
experienced pains radiating from the right eai’ down towards the neck. 

The patient was treated in the oto-laryngological clinic from 4.5 — 20.5 1943. 

Status (on admittance); General condition somewhat affected. Temperature 
about 38®. Blood pressure 130/80. Right drum-membrane slightly inflamed 
and thick; paracentesis was made without result. Laboratory examination: 
Hemoglobin 80 %, erythrocytes 4,260000. Leukocytes 8900; Neutrophiles 76 %, 
lymphocytes 22 %, monocytes 2 %, cosinophiles 0. Sedimentation rate 72 mm. 
per hour. 

Leukocytes (13.5) 12600. Non-protein nitrogen (14.5) 36 mg %. Albumin 
(14.5) negative. Urine (14.5) 8—10 leukocytes, 1 — 2 erythrocytes per field. 

Since the patient’s affected general condition and the temperatui’e arising 
to around 39® could not be accounted for by the mild ear symptoms, the 
following examinations were carried out; 

Chest radiogram: Multiple rounded parenchymal densities — suspected 
to be metastases (Pig. 1). riain radiogram (kidneys); Upper left kidney 
changed into a nearly fist-sized rounded density. Vrographij: Similar contrast 
density bilaterally. Morphology of left renal pelvis normal. Roentgen diag- 
nosis: A tumor in the left kidney with chest metastases. 

Ncitlier radiological or surgical therapy was considered to be indicated. 
The patient died 26.5. No urine examinations or non-protein nitrogen detei-- 
minations were made after 14.5. 

Clinical diagnosis: Nephromata of the left kidney with pulmonary meta- 
stases. 

From the autopsy report: (215/43: C. G. Ahlstrbm). 

Gross Examination. 

Slight bilateral edema of the ankles. No palpable surface lymph nodes, no 
cutaneous bleedings. No tumour in the breasts. 

The heart somewhat enlarged, with a soft consistency. Heart valves nor- 
mal. Slight coronary sclerosis. No thrombi in the chambers of the heait oi 
in the main stems of the pulmonary vessels. • , 

Pharyngeal mucous membrane pale. No tonsillar enlargement. Tliyroicl 
gland normal. , . « j 

Pleural cavities normal. Trachea and larger bronchi showed inflame 
mucous membrane and a seropurulent exsudate. All large and mediumsize 
bronchi were dissected but no tumor could be observed. In all the pulmonary 
lobes many rounded, rather soft, nodes were felt, varying in size fiom a 
walnut to a mandarine. On incision these nodes were revealed as greyis i 



Fig. i. 

Chest radiogram: Multiidc rounded parenchymal densities. 


yellow medullar necroses, often with central softening. Towards the periphery 
some necrotic foci continued as yellow reticular streaks into the surrounding 
lung tissue. Upon compression a cloudy liquid was expelled. Most foci were 
sharply defined from their surroundings, being somewhat elevated. Macro- 
scopically many of them gave the impression of tumor-metastases (Fig. 2). 
Besides the palpated nodes numerous similar small nodules on the cut sur- 
face within the lower and medial lobes were observed, distributed diffusely 
within the pulmonary ])arenchyma. Hilar and mediastinal lymph nodes ap- 
peared unaltered. 

Peritoneal cavity normal. Gastro-enteric tract presented no abnormalities. 
Liver showed only toxic influence. No bleedings and no macroscopic necroses 
were observed. Gallbladder and the biliary ducts were normal. Spleen was 
much enlarged, very flaccid, with a greyish red, very soft parenchyma leaving 
a largo deposit on the knife. .At the ui)i)er i)ole the spleen felt somewhat 
firmer and a greyish yellow necrosis with diffuse outlines was found, in ap- 
pearance similar to the ncci-otic areas in the lungs. Pancreas normal without 
any sign of tumor. 

Kidneys: In the upi)er pole of the left kidney there was a larger than 
mandarine-sized, unilocular, thin-walled cyst containing a clear liquid. The 
cyst had no communication with the renal pelvis. The kidneys were other- 
wise normal in size and form. The capsule could be easily stripped from 
the cortical surface of the kidney. The surface of both kidneys showed several 
light grey irregular areas, usually surrounded by hemorrhagic zones. The 
cut surface of the renal parenchyma showed these areas to be triangular or 
more irregularly formed anemic infarcts with the apex towards the centre. 
They were mainly within the cortex and were surrounded by the hemorrhagic 
zones described above (Fig. 3). The corresponding renal vessels were filled 
with thrombi. No tumor in the kidneys. The adrenal glands were of normal 
size with a cortex rather rich in lipoids and no sign of tumor. In the uterus 
some slightly larger than hazelnut-sized myomas were found as well as 
• a small cervical polypus. 

The cranium was not opened. 
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Fig. 2. 

The cut surface of the right lung showing multiple, more or less well de- 
fined necrotic foci. 

Microscopic Examination. 

Lungs: The greyish yellow foci consisted of necrotic or necrobiotic lung 
tissue where the lung structure could be suj'mised. The cell nuclei were 
either entirely dissolved, fragmentary, or could be seen dimly, like shadows. 
Here and there within the necroses leukocytes were seen, often in a state of 
decomposition. The foci were surrounded by a wall of alveoli, filled with a 
fibrinous exsudate. Abundant leukocytes were seen within this wall and also 
some lymphocytes. These occurred not only within the alveoli but also in 
the alveolar walls, which sometimes showed a certain fibrous induration. 
Near the foci the capillaries were dilated and filled with erythrocytes; there 
were also minor bleedings in the pulmonary parenchyma. Farther away 
from the foci the fibrinous exsudation in the alveoli decreased and in the 
periphery the lung tissue was normal. The reticular streaks in the sur- 
rounding lung tissue were shown under the microscope to correspond to 
striated necroses, sometimes of fibrinoid character. 

In addition to these necroses, changes in the vascular system were pro- 
minent features in the histological picture. They appeared most clearly 
within the medium-sized and larger vessels, both arterial and venous. The 
most outstanding and initial change was a thickening of the intima which 




Fig. .t. 

Numerous anomic infarcts in the cortex of tlic riglit kirlncy. 

rnducccl and sometimes obliterated the vascular lumen. TIic thickening of 
tlic intima was caused by an edematous swelling of the subondotbclial tissue 
together with a proliferation of the subendothclial cells (Figs 4 — 5). The 
thickened intima also contained a few neutrophilc leukocytes, lymphocytes, 
and plasma cells; sometimes also mullinucleatcd giant cells with marginally 
located nuclei surrounding a i)alc lU’oloplasmic zone (Fig. 0). Here and there 
tlic thickened intima showed foci of fibrinoid necroses. The thickening of 
tlic intima was sometimes more pronounced within one part of the circum- 
ference than within another and the lumen was then displaced eccentrically. 
The intimal endothelium was always well ])reservod. In several places the 
changes were not confined to the intima only, the entire vascular wall was 
necrotized and infiltrated with inflammatory cells. Tlie elastic lamellae in 
tlic media were entirely or jiartially destroyed. Within many vessels changed 
in tills manner a fibrinous thrombus, often intersiiersed by leukocytes, was 
found on the intima. 'I'tie thromb could fill the lumen partially or com- 
])letely: in the first case it often formed a small cushion- or knot-shaped 
excrescence on the intima. The thrombotic layers were as a rule of recent 
date, but in a few places they were organized and showed at times even an 
incipient recanalization. 

A dominating characteristic was that all these vascular changes occurred 
in the periphery of the pulmonary foci, which were thus sun-ounded by a 
I'ing of affected vessels. There was scarcely ever any vascular deterioration 
without a greater or lessor necrotic focus within the vicinity. The thickening 
of the intima was sometimes localized preci.sely in the sector of the vessels 
facing the neci'otic lung focus, while the intima was quite normal within 
the other parts of the circumference. 

/vifbicT/.v; The numerous large anemic infarcts which were triangular or 
quadrangular in form, situated mainly in the cortex, dominated the micro- 
scopic picture of the kidneys. The renal tissue .showed here a more or less 
pronounced necrosis. In the perii)hery some small dilated hyperemic vessels 
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Fig. A. 

A pulmonary vessel witli thickened intimn and infiltrated by 
inflammatory cells. 
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Fiff. 

A pulmonary vessel with giant 


fi. 

cells in the inflamed inlima. 



p • ^^ 0 - 7. 

1 erivascular granuloma of the kidney with fibrinoid necroses 
of the vessel wall. 
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were found with bleedings into the parenchyma. In largo renal arterie.=! 
connected with the infarcts the lumen was found to bo filled with thrombi 
which were composed of fibrin with a more or less ample infiltration of 
leukocytes. The vascular walls showed inflammatory changes of varying 
intensity in the form of an infiltration of leukocytes, in some places causing 
a complete destruction of the vascular wall (Fig. 7). In other places the wall 
changes wore limited to the intima and consisted of an edematous thickening 
and sparse infiltration of leukocytes. Vascular changes of this type occurred 
also in non-thrombotic vessels. In principle they were of the same character 
as in the lungs. The larger venae near the infarcts could be the seat of 
thrombi, which, however, were of more recent date and appeared to bo of 
secondary nature. There wei-e also changes in the glojncruli. In their mildest 
form they occurred as a fibrinoid necrosis of one or a few loops, combined 
with a sparse infiltration of leukocytes. In advanced cases the entire glome- 
rulus had been transformed info a small i-ound granuloma, composed of 
histiocytes, fibroblasts, and a rather largo amount of leukocytes (Fig. 8). 
There were numerous leuko- and lymphocytes also in the tissues in the 
vicinity of these transfoimied glomeruli. 

The spleen showed anemic necroses and nccrobiotic areas wliere only 
the coll nuclei were discerned. Several large vessels, ])robably both arteries 
and veins, showed necrotic vascular changes, sometimes of fibrinoid charac- 
ter. Numerous neptrophile leukocytes were found in and around the de- 
sfroj’'ed vessels rvhich were mostly filled with thrombi of varying age. 

Liver: The acinous liver structure was preserved. Hero and there the liver 
parenchyma showed small necroses with accumulations of up to about 20 
leukocytes. The number of leukocytes within the liver capillaries seemed to 
bo generally increased as well. Within the liver, too, marked focal vascular 
changes were observed which were localized primarily to the arteries. All 
the layers of these arteries wore necrotic and the lumen was filled with a 
thrombus which contained abundant leukocytes, infiltrating also the ne- 
crotic vascular walls and the surrounding tissue. The inflammation had in 
some places invaded the contiguous branch of the vena porta, causing the 
formation of a leukocyte-rich thrombus in that part of the circumference of 
the vein facing the artery (Fig. 9). 

The heart, pancreas and gastro-enferic tract showed normal conditions. 


The case is a 57-ycar-old woman with a mild acute otitis, which did 
not, however, explain the affected general condition and high fever. 
In chest radiograms several rounded densities up to the size of a man- 
darine were discovered and interpreted as tumor metastases (Fig. 1). 
Urography showed an expansive process in the left kidney; clinically 
the case was diagnosed as a nephroma with pulmonary metastases. 
The autopsy, however, showed the expansive process within Hie left 
kidney to he a serous cyst. The densities in the lungs ascertained by 
X-ray corresponded to greyish yellow, rounded, necrotic foci, which 
were more or less sharply defined (Fig. 2). The autopsy revealed also 
multiple anemic infarcts in the kidneys (Fig. 3) together with throni i 
in the connected renal vessels, a septic swelling of the spleen witi 
multiple infarcts, and a general toxic condition of the organs. No tumor 
could he observed anywhere. 

The microscopical examination showed that the foci within the 
lungs consisted of a necrotic tissue. Adjacent vessels, both arteries an 
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veins, showed marked changes in the form of thickening of the intinia 
caused by an edematous swelling of the subendothelial tissue and a 
sparse infiltration of inflammatory cells (Figs 4, 5, and 6). Some 
vessels showed a total sometimes fibrinoid necrosis of the walls and 
a diffuse infiltration of neutrophile leukocytes. Many of the changed 
vessels were filled with thrombi of various age and rich in leukocytes. 
It was characteristic that these alterations in the pulmonary vessels 
were found only near the pulmonary foci and sometimes only on that 
part of the vessel facing the focus. Similar inflammatory changes were 
found in several renal arteries (Fig. 7). 7’he arteries corresponding 
to the lai'ge anemic infarcts were thrombosed and the veins were the 
site of secondary thrombi. Several glomeruli showed partial or total 
necrosis, and were transformed to small granulomas (Fig. 8). The 
spleen showed vascular changes and thrombi. Inflammatory focal 
changes of the arteries were found also in the liver in combination with 
thrombus formation (Fig. 9). 


Discussion. 

The clinical diagnosis of this case was made on the basis of the 
roentgen examination. The chest radiogram showed several rounded 
densities, often sharply defined. Urography show'ed a fist-sized ex- 
pansive process in the upper left kidney and the diagnosis was nephro- 
mata with pulmonary metastases. The post-mortem examination, how- 
ever, showed the expansive process to consist of a solitary renal cyst 
containing a clear thin liquid. This case illustrates the great difficulty 
in forming a differential diagnosis of renal tumors and solitary renal 
cysts. The author has demonstrated in a report on the roentgen dia- 
gnosis of the renal tumors {Johnsson, 1946) that it is impossible to 
distinguish betxveen a nephromata and a solitary cyst by means of 
roentgen, unless an invasion of the renal pelvis or the presence of 
metastases can be proved. 

Clinically, this case agreed well Avith the previously described cases 
of Wegener’s granulomatosis. The patient is taken ill with symptoms 
of otitis after Avhich pneumonic symptoms set in. The morbid picture, 
appeared as a septic condition AA'ith a fatal outcome after about a 
month. One of Pastel & Laos’ cases (fatal after 4 AA'eeks) AA'as taken 
ill with otitis. The mild ear symptoms, however, did not explain the 
patient’s septic condition. A chest radiogram Ava's taken and shoAved 
cloudy densities. Their case is thus very similar to the one reported 
here. The only non-protein nitrogen determination made — 12 days 
before death — showed a normal value. It is probable that the non- 
protein nitrogen Avas raised later on, in Adexv of the pronounced bi- 
lateral renal changes. It is also possible that no uremic state develope 
because the patient died before the periglomerular granulomas had 
time to become so numerous as to cause renal insufficiency. 

The case agrees Avell also pathologically-anatomically Avith the 
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earlier described cases. Features in common were necrotic pneumonic 
changes and pronounced generalized inflammatory vascular changes 
of exsudative, necrotic, or proliferative type. In the kidneys there were 
moreover periglomerular granulomas with the typical aspect of We- 
gener’s granulomatosis. 

The anatomical findings in this case were dominated partly by the 
multiple necrotic lung foci, partly by the vascular changes especially 
in the lungs. The first problem to be solved is their mutual rela- 
tionship. Are the necroses in the lung parenchyma a result of the 
vascular changes or have these been instead produced by primary 
necrotic processes in the parenchyma? It is obvious that there is a 
close causal connection between them; the vascular changes and ne- 
crotic foci do not occur isolated but always together. Both Wegener and 
Postel & Laos observed that the inflammatory vascular changes were 
most obvious within and close to the necrotic foci in the lungs. In 
Wegener’s case there were inflammatory changes also in vessels which 
were not in the immediate vicinity of the pulmonary foci. In Postel 
& Lems’ two cases, on the other hand, as in the case reported here, 
no vascular changes occurred outside the necrotic foci. Ringertz, Lind- 
saif ei nl. have given no detailed description of the relation between 
the vascular and lung ebanges. Both Wegener and Postel & Laos 
consider the vascular changes to be primary and the necroses in the 
lungs to be secondary infarcts which have been subsequently infected. 
As pointed out by Dambic (1930) and Volland (1935) there are in peri- 
arteritis nodosa in the lungs usually no other changes than those 
connected with the vascular system. 

In order to determine the relationship between the vascular changes 
and the necroses in the lungs, special attention should be gi%'en to the 
following observation: the affected vessels are strikinglg often ar- 
ranged in a ring in the periphery of the necrotic foci. This circumstance 
speaks in favor of the view that the vascular changes, which occur in 
both arteries and veins, in this case have been provoked by an agent 
working centrifugally from the necrotic lung processes. This assump- 
tion is also consistent with the form of the foci. If the vascular proces- 
ses had been primary, at least part of the foci ought to have the 
triangular shape characteristic of infarcts, considering the vascular 
ramification in the lungs. This was not the case, however. Moreover, 
some vessels showed inflammatory changes onlj' on the part of the 
circumference which was adjacent to the necrotic focus. The vascular 
changes may, however, have contributed to the extension of the ne- 
crotic lung processes. 

The outstanding finding in this case thus seems to be inflammatory 
changes in the pulmonary parenchyma, similar to necrotic pneumonic 
foci. The fibrinous exudate in the alveoli and the infiltration of in- 
flammatory cells, especially neutrophile leukocytes, within the foci 
and especially in the adjacent pulmonary parenchyma, speak in favor 
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of this theory. The form of the foci is also similar to that in broncho 
pneumonias. 

Ihe inflammatory changes in the pulmonary vessels do not exclude 
Uie assumption that the necrotic foci are of pneumonic nature. Thus 
inflammatory changes in the pulmonary vessels occur both in lobular 
and bronchopneumonias and are probably more common than was 
previously assumed {Borst 1918, Fossel 1941). 

The genei-alized vascular changes which occur in the vessels of 


the spleen and in the arteries of liver and kidneys may be regarded 
as an expression of a violent allergic reaction, produced by the in- 
fection in the lungs. The fibrinoid changes and necroses in the vascu- 
lar walls, as well as the periglomerular granulomas, agree in their ge- 
neral type with the changes found in hypersensitive conditions. 

The starting point of the pathological processes in the case reported 
here has thus been the multiple necrotic bronchopneumonias which 
have produced local vascular changes. The severe changes in the ves- 
sels of both spleen, liver, and kidneys, may have arisen as a hyper- 
sensitivity reaction against the infection in the lungs. The fact that 
the morbid picture was considerably shorter in this case than in 
Wegener’s is probably due to the fact that the primary infection was 
localized to the lungs and not to the upper respiratory tracts. 



Siimmarg. 

A report is given of a 57-year-old woman, who died after a rather 
short febrile disease. The roentgenological examination revealed 
multiple rounded sharply defined foci in the lungs as well as an 
expansive process in one kidney. The clinieal diagnosis was nephroma 
with lung metastases. The autopsy showed a serous renal cyst and 
multiple necrotizing pneumonias. Focal inflammatory vascular 
changes were observed in the lungs, liver, spleen, and kidneys, loca- 
lized especially to the intima and sometimes combined with thrombi. 
In the kidneys, moreover, infarcts and periglomerular granulomas 
were found. The case is linked with a pathological condition reported 
earlier by Wegener (Wegener’s granulomatosis). 
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, A REPORT ON CONGENITAL TOXOPLASMOSIS 
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(Received for ptiblicaiion .Marti) ith, 19i8.) 

roxoplasuiosis is caused by a protozoan parasite, Toxoplasma, 
which is believed to be similar to LcLshmania, but apparently it has not 
been classified definitely as yet. To.xoplasmosis has been recognized as 
a disease in animals since 15)08 when Nicolle tt Munceaux and Splen- 
ilote reported two cases. In 1935) Wolf and his co-workers were able 
to establish that the genus Toxoplasma is pathogenic also for humans. 
Previously several cases had been described which might have been 
toxoplasmosis and in some of these similar parasites were demonstrat- 
ed. Castellaiii (1914) and Feilorouilcli (1910) reported two identical 
cases of a disease in children, characterized by prolonged fever, ane- 
mia, aJul splenomegaly, where the investigators found parasites, be- 
lieved to be To.xoplasnia, in the blood. Chalmers and Kamar (1920) 
also reported similar parasites in a splenic film from an adult who 
suffered from prolonged fever. Jankii described in 1923 a case of 
simple microphtalmus in an infant with increasing hydrocephalus and 
convulsions. He observed parasitic cj’sts in chorioretinitic foci and be- 
lieved the parasites to belong to Sporozoa. Levucliti, however, sug- 
gested that they were To.xoplasma. Similar parasites are described by 
Torres (1927).' 

In 1939, Wolf demonstrated a case of congenital encephalo-myelitis 
in a newborn, caused by Toxoplasma, and could confirm this diagnosis 
by experimental passage of the human infection to animals. In the 
same year Sabin succeeded in establishing that Toxoplasma found in 
humans were neither biologically nor immunologically different from 
Toxoplasma isolated From guinea pigs. Since these observations, our 
knowledge of toxoplasmosis has increased. Various clinical manifesta- 
tions of this infection have been observed especially by Wolf and his 
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Toxoplasmosis seems to occur within several different animal 
species as dogs, cats, sheep, guinea pigs, voles, squirrels, rats, minks 
foxes, and pidgeons. The infection seems to be widespread throughout 
the w'orld and cases have now been reported from all continents The 
source of the infection in man is with all probability to be found among 
the animals. Occasionally the infected animals become sick but some- 
times the infection follows a subclinical course resulting in healthy 
toxoplasma carriers. The clinical symptoms in animals are atypical, 
but loss of weight, bloody diarrhea, and symptoms from the respiratory 
tract often occur. 


Experimental infection can he produced by: intracutaneous, sub- 
cutaneous, intravenous, intraperitonea!, intracerebral, or intranasal 
routes. It is not clear whether biting insects can transmit the disease 
but midges, lice, or ticks arc considered by Sabin as possible carriers 
of toxoplasmic infection. The urine and feces of infected animals, 
especially dogs and cats, have also been found to contain Toxoplasma. 
Our present knowledge of the clinical and pathological manifestations 
of toxoplasmosis in man permits a differentiation of 2 types: one 
congenital and one acquired. 

In congenital toxoplasmosis the central nervous system shows the 
chief signs of infection. According to Sabin there is a tetrad of clinical 
signs: internal hydrocephalus or microcephaly, chorioretinitis, convul- 
sions, and roentgenological evidence of cerebral calcification. The 
destruction in the brain is often extensive, consisting of miliary granu- 
lomas or larger inflammatory areas with necrosis. The inflammatory 
processes seem to be most intense in the cortex, basal ganglia, or peri- 
ventricular tissue. Meninges and ependyma show often areas of in- 


flammation w'hich may be the cause of the internal hydrocephalus. An 
early hydrocephalus originating in utero may lead to difficulties in 
delivery {Wolf & al.). In a prolonged inflammation a calcification of 
the necrotic areas often occurs and large widespread calcified zones 
may arise within the brain. Toxoplasma organisms are to be found 
in the inflammatory areas wdiere they occur in inflammatory cells, in 
the vascular endothelium for which they seem to have a great 
and occasionally also in nerve cells. No Toxoplasma are found in the 
necrotic areas and it has been pointed out by Wolf , Cowen & Paige an 
Zuelzer that Toxoplasma are difficult to find in older processes as 
they are easily disintegrated and calcified. A chonoretinitis my a oc- 
cur, generally in both eyes, mainly localized to the fovea centralis, 
granulation may invade the vitreous body causing miciopi a mia 
one or both eyes. 

The congenital disease may even attack othei organs, esio 
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been found in the lungs in the form of interstitial pneumonia with 
Toxoplasma in the alveolar epithelium; in the heart with granulomas 
in the myocardium; in the adrenals, thyroid gland, ovaries, testis, kid- 
neys, as well as in both striated and smooth muscles {P.aige, Coiven & 
Wolf; Zuelzer; Pratt-Thomas & Cannon and others). According to 
Zuelzer hepatosplcnomcgaly is often found in infants with toxo- 
plasmosis and sometimes an extramedullary hematopoiesis. 

In smears and thin sections Toxoplasma appear induced in the 
vascular endothelial cells and in nerve and muscular cells. They are 
apparently mainly intracellular protozoan parasites, and are often 
observed in clusters or »cysts«, where they may completely fill or 
deform the host cells. In tissue sections the characteristic shape with 
nuclear chromatin and thin surrounding plasma is not always seen. 

Toxoplasmic infection seems to stimulate the appearance of anti- 
bodies, which can be demonstrated in serum. The antibodies have a 
neutralizing effect when injected intracutaneously in rabbits in combi- 
nation with a Toxoplasma strain of high virulence. They are, however, 
very labile, diminishing in serum which is not preserved in the frozen 
state. The serological test should therefore be carried out as soon as 
possible after the sample has been taken. In congenital toxoplasmosis 
the blood of the mother as well as that of the child has been found 
lo contain antibodies. Often no antibodies can be found although the 
disease has been definitely ascertained. Sabin has shown that infected 
apes may lose their antibodies even 6 weeks after the onset of infec- 
tion. Hcidelman has demonstrated that serum from normal individuals 
who, as far as is known, have not been infected with Toxoplasma, 
sometimes may give a positive reaction. A positive serological test alone 
is thus not a certain indication that an infection has occurred. Negative 
reactions, on the other hand, can be obtained in well defined infec- 
tions. 

The chief clinical signs in congenital toxoplasmosis are usually the 
destructive lesions in the brain. The development of the skull is normal 
only in mild cases. A rapid hydrocephalus or sometimes microcephaly, 
is present in typical cases and the child has clear neurologic symptoms 

convulsions or tonic disturbances, from the onset. The outcome is 
generally fatal after a short time, often with a complicating secondary 
infection. If the damage is only slight at birth, the symptoms may not 
manifest themselves until late in infancy or in childhood. The clinical 
manifestations are then convulsions, spastic conditions, and mental 
defects. Chorioretinitis occurs at the same time, causing deficient sight 
and nystagmus. Sometimes a defectively healed chorioretinitis is found, 
consisting of yellowish white, atrophied areas in the retina, limited by 
dark pigment. Microphtalmy, enophtalmus, and atrophy of the optic 
nerve or membraneous formations in the vitreous body are often pre- 
sent (Aoch Wolf; Cowen & Paige; Heath & Zuelzer). Roentgeno- 
graphical evidence of calcifications in the brain and positive serological 
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fr '‘'"t for the diagnosis. In the cerebrospinal 

fonnri ^ Xanthochromia and elevated albumin values are 

vcrhi the hT-h'' n.f ^ pleocytosis. Toxoplasma have even been obser- 
^cd in the fluid. Other symptoms to be mentioned are jaundice and 
onlargemenl of liver and spleen. The disease has occasionally been 
diagnosed as erythroblastosis foetalis (Steiner & Kaump) . 

The acquired infection of toxoplasmosis occurs in both children 
and adults. It takes the form of an acute encephalitis or acute febrile 
illness with exanthema. It begins with a sudden rise in temperature and 
chills. A maculopapular rash covering the whole body, except the scalp, 
the palms of the hands, and the soles of the feet is a fairly early sym- 
ptom, often in connection with signs of pneumonia. The mortality rate 
is relatively high [Syverton & Slavin). 

A subclinical form of the disease seems to be fairly harmless. 
Mothers transmitting the infection to the foetus do not as a rule present 
any serious symptoms although showing positive serological reactions. 


The subclinical form must be as common as the congenital form of the 
disease. 

The distribution of Toxoplasma in animals is widespread and world- 
wide. About 40 human cases have been reported so far and new cases 
are constantly being published in the literature. In Europe instances 
of the disease have been reported in Czecho-Slovakia, France, the 
Netherlands, Switzerland, Italy, and England. Until 1946 the disease 
had not been observed in Scandinavia. During that year the present 
authors had difficulty in diagnosing the disease of an infant with some 
sj'inptoms of congenital toxoplasmosis. At first it did not seem very 
likely that this case was a disease which had not been previously ob- 
served in this country. Shortly afterwards, however, we learnt from 
Magnusson & Wahlgren that they had observed a similar case in 
Stockholm and also demonstrated toxoplasmosis in older microscopic 
preparations. Later, at the Scandinavian Meeting of Pathology in 1947, 
Sjolte described a case of toxoplasmosis in a dog in Copenhagen; the 
disease has also been reported recently from Gothenburg [Mellgren). 
In view of the fact that this disease appears to occur in Scandinavia 
as well, the following case seems worthy of mention. 


Report of case. 

Journ. No. 782/46. The parents and their 2 
Wassermann’s test of the parents was nega i\e. cnpri-vi contact with 

no reason to suspect erylitvoblastosis. ^ had "a »severe cold« 

animals. In the tliird month of pregnancy months of pregnancy she 

with nasal discharge and cough. During 

suffered from nasal obstruction hut was o i®*'' ’ October 16 1946 3 weeks 
The infant, a girl weighing 2.460 delSy '-s uWnown 

before the proper time. The cause of the i .. .. however, un- 

The delivery ias normal. The amount o ammotic f u d was. lio^ , 

suallj. largo - 4 Hires. THe 'Hf “l o In ant rvo'o lound to l» 

mediately after birth the liver and spleen ol the inia 



Th. .lay ana,- i.i.-.!. Trnaas"";" 

iaS -aa'^^ " ’ilia 

were SOPH TIh' aiilorior fnntanpl was sliplitly doprossad and tlia lionos t f 
tl.o sknll 'woro inlarcalalod. TUe raflcxcs wcm-p nonnal. ayon Moro raflcv 
Kvo slits and pvi'-balls ware stfikintrlv small and it was 
niiaronlitalmus. Tlia tlioraaia. orpaiis saaniad (iiiito normal. Ilia livai 
aonsidcraldv anlargad. ona finfiarsliraadlli lialinv Ilia costal inargin. .Also Ilia 
splaan was'cnlarpad, axtamliiiir down to the iiml.ilical ration (Imp. I). 



/•'»■//. t. 

Tlia infant wiili (lia imirli aiilarpad liver and splaan. 

Tlia iiicransa in weight during the stay at lla* hospital was slight, only 
MO gill, the first month. 'I'ha patient had to ha fad hy niaans of a stomach 
liihe and vomited often. 'I'ha gaii(>ral comlilion hacania gradually worse. Tha 
lainperaltira was normal at first, lint the t'ryihrocyla sadimantalion ral(> 
was I) mm./hoiir (microraaclioii acconling to l.imihiti /. The hlond \alnas wma 
initially high, rad hlood calls: l.lllOOOII. llanioghihin: ll.o^r. dacraasing soon 
to 2.1000(10 and 01^/'^ ri'spaclivi'ly. White hlood calls ware at first T.tiOO and 
dropped to O.OOO.- 'I'hi’ diffarantial count showed no ramarkahia changes. The 
anemia incraasad anil in s|iita of the administration of two inlraparitonaal 
hlond-lransfusions of 05 and 15 ml., tha hlood valnas ramainad low and at 
death (hare ware 1.100000 rad hlood calls. ,50 hamoglohin, and 1.000 wliita 
hlood calls. The sadimantation rata rose slowly to inm. Tha jaundice dis- 
appeared after ona month and tha size of tha liver seamed to diminish during 
the coiir.sa of tha illness. 'I'ha child racaivad mother's milk during tha entire 
period. Wassarmaim’s test was nagaliva ami hlood culture showed no growth 
of haclaria. A few weeks after hirth a few prominancas davaloiu’d on tha 
hack of tha head, gradually growing to tha size of a hazelnut and fUicluuting. 
\yhon piincliirad they yielded pus from which .Slaidivloaoccus aureus was 
ohtaiiied in pure culliira. I'anicilliii, .50(10 units .S limes par day, was ad- 
inmistorod and a slight hut transient iniprovaiiiaiil was noticed. 

The hahy gradually hacama worse, and died in tha oigih week of life, 
the tamporature regulation was poor in spile of satisfactory incuhalor treat- 
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ment. and davintions between subnormal and slie-iniv i 

were noted In the last week before deatli it reached a maximumTf 40 5o^C 

Tho' appeared on face and abdomen during the last two weeks 

The case can be summarized as follows: a case of serious infection and 
congenital enlargement, of liver and spleen. The erythrocyte sechmema io 
rate was considerably increased from the beginning, but the blooTl Sctm” 

Imt iho Ilf 1 'in Jnfaction. Infection by Staphylococci was established 
tlierapeutic effect of pemcilhn was only slight. Erythroblastosis and 
lues could bo eliminated. The problem was whether the infection was con- 
genital and might be the cause of the enlargement of liver and spleen. The 
only hactcrial finding was Staphylococcus aureus, which is obviously pa- 
thogenic but can hardly he considered the cause of an infection in ntcro. 

Ticporl of necropsy. 

The case was that of a tiny girl, evidently emaciated and weighing 
2400 gm. 

At the hack of the neck two flabby edematous non-suppurative swellings 
were present. When tlie hones of the skull were taken away ample cloudy 
liquid was discliarged. I'lie brain was soft and upon dissection showed grave 
lesions. Hydrocephalus was present, especially in the lateral ventricles of 
the brain. The cortex of the frontal part of the brain showed microgyria. 
A j'cllow necrotic fibrinous tissue surrounded all the venti’icles except the 
fourth. These j'ellow necrotic areas occurred also ns foci within the substance 
of the hemispheres in which small central cystical formations wore found. 
Ample calcification appeared within the necrotic zones. The outlines of the 
ventricular system were obscured and the topography demaged by the ne- 
croses. The cerebellum and oblongata appeared quite normal. The meninges 
were only slightly thickened and no signs of actual meningitis were ob- 
served. 

The heart was normal, without malformations. The myocardium appeared 
normal and there were no signs of endocarditis. 

The mucous membrane of the trachea and bronchii was slightly reddened 
and coated Avith a purulent secretion. The. upper pulmonary lobes contained 
air and wore apparently normal while the lower lobes were cyanotic and 
inflamed. The small bronchial lumina yielded on pressure a cloudy liquid. 
Tlie picture Avas that of a bronchopneumonia of aspiration typo. 

The picture of the abdomen Avas dominated by tbe greatly enlarged liver 
and, at the left and bclOAV the liver, by a very much enlarged spleen. The 
latter Avci"-hed 82 gm. and upon dissection Avas light rod, homogenous, and 
.snmeAvhat'’soft but not degenerated or softened as m a sepsis. 1 be liver 
Aveiahed 195 gm. and Avas somcAvhat greenish and knotty as in cirrhosis, t 
section shoAved small pseudo-lobes and partly fibrous areas. The pancreas 

seemed to be normal as Avell as the billiary ducts. nnviTi'd 

The intestines Avith mesenterium, adrenals, and kidnejs aacic noimal. 

The genitals Avcrc also of normal appearance. 

Microscopic findings. 

Brain: The yellowish white necrotic areas AA-ere seen ^ 

scope to be zones of granular tissue with 
necrotic cerebral tissue. The calcifications 

calcified material, 4%^orderS i'-ones inflammation occurred 

penetrating the tissue (Fig. Amindant plasma cells and sometimes 

with all kinds of mflammator> cells. a ^ne outside the 

also eosinophilc leukocytes AA'ei’e foun , pneh of them only 1/10 

caicifled clumps ™.-c small loci of f as that of 

the size of the cell nuclei. These grams aacic me 
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Calcifications in the necrotic cerehral tissue near the ventricular wall. 

Toxoplasma closcrihcfl, hut they were evidently calcified and liad no definite 
morphological resemlilance to I'oxoplasma (Fig. 3). .4t the same time there 
was a few hacterias of the coccus typo. These findings were sparse, how- 
ever, and lacking in most areas examined. In another zone outside the 
calcifications, small oval particles were presejit, most often in groups vdthiji 



Calcified focus in the cerebral tissue outside the large calcified areas, 
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Groups of particles resembling Toxoplasma in the inflamed and partly 
necrotic brain tissue outside the calcified zone (X 2000). 

Uie cell plasma, either of the endothelial cells or of other cells difficult to 
identifJ^ They were ovoid and occasionally a central nucleus could be dis- 
cerned. They wore similar to Toxoplasma and were interpreted as such. No 
calcification was observed within these particles, pi-esented in Figs 4— -G. 
They was easily distinguished from the numerous degenerating cellular 
nuclei found within this gi-anular tissue. It was interesting to note that they 
were situated in a zone outside of the central granular tissue with its ne- 
crosis and calcification. 

Liver: There was widespread inflammation with gross destruction of 



Groups of particles resembling Toxoplasma in the cerebral tissue (X 2000), 
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I’if/. <>'. 

Groups of particles rospinliliiiir 'I'oxoplasiiia in llic ('I'rcltral tissue (X I’OOO). 

tlio lieiuitic tissue and eirrliotic transformation of ilit- luireneliyinn (Fig. 7). 
"I'lic inflainnmiion was most intense in the periportal zones wliere tlieri? was 
a variegated granular tisstie with mnnerotis eosinopliilc! leukocytes. The in- 
flaniniatory jticlure does not ri'sfunhie any other si)ecifi(|U(> inflammation. 
Within some tissue cells tin infltimintition of small particles wtis found, 
ovoid-shaped and similar to Tox<ipliismti (h'ig. S). They were very sptirse, how- 
ever, and only ti few cells with inclusions of this kind were found. 
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Inclusions resembling Toxoplasma within the inflammatory granulation 

tissue of the liver (X 2000). 

Spleen: The spleen showed signs of circulatory stasis with filled pulp 
chambers. No actual inflammation was present and no Toxoplasma particles 
were found. 

Within the myocardium, renal tissue, bone marrow and adrenals there 
was no evidence of Toxoplasma particles. There was no sign of myocarditis of 
the myocardium. Eosinophile leukocytes were abundant in the bone marrow. 

Serological examinalion. 

A sample of the mother's blood was sent to Doc. S. Gard at Statens Bak- 
tcriologiska Laboratorium to be examined for the pi-esence of antibodies by 
testing the neutralizing effect of the serum against a Toxoplasma strain. In 
intracutaneous experiments on rabbits the serum neutralized 5 but not 25 
reactive doses. Intracerebral experiments on mice gave a similar result, 
indicating that the mother’s blood contained a slight demonstrable amount 
of neutralizing antibodies. The serum used in these experiments was not 
completely fresh but had been stored for several days at — 16® C. It is quite 
probable that the serum originally contained a greater amount of anti- 
bodies, for, as has been pointed out above, antibodies in serum are very labile. 
The serological examination did not take place until 5 months after the 
birth of the child and it is probable, too, that the antibodies decreased during 
this time. 

The case in question is one of congenital infection with congenital 
enlargement of the liver and spleen, an early increased sedimentation 
rate, obvious signs of serious infection, and general debility. Further 
examination has shown microphtalmia, severe brain lesions with 
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widespread necroses and calcifications, cirrhosis of the liver, micro- 
scopic inclusion particles resembling Toxoplasma in the cerebral tissue 
and in the liver, as well, as a faintly positive serological reaction for 
Toxoplasmosis in the mother’s serum. 


Discussion. 


The widespread cerebral calcifications dominated the inflammatoiy 
picture in the case reported above. They are the most characteristic 
feature in toxoplasmosis but may occur also in other diseases: cerebral 
tumors, such as craniopharyngconias and anginomas venosum, Sturge- 
Weber syndromes, tuberous sclerosis, »cpilcpsy with cerebral calcifica- 
tions«, .subdural hematomas, tuberculomas, cysticercosis, and intra- 
cerebral hematomas may occasionally show cerebral calcifications. 
Among these tuberous sclerosis may possibly be discussed as a dif- 
ferential diagnosis in tlic case reported. This disease appears, however, 
most often in older children, and is not quite similar to the one de- 
scribed above, allbougb Ibc calcifications in tuberous sclerosis are 
also mainly localized to the peripheral areas of the ventricular sj’stem. 

The definite cosinophile of the tissues was remarkable and occurred 
both in the encephalitic and hepatic inflammation. Pratt-Thomas and 
Cannon have in a case of toxoplasmo.sis found fairly numerous cosino- 
phile myelocytes in the liver. In our case no higher degree of eosino- 
philia was observed in the blood (6 — 8 %), but it was fairly high in 
the bone marrow. The cosinophilia in these cases may possibly have 
the same causes as those observed in cases of such parasites as inte- 
stinal worms. 

According to Ibc literature inflammation in the liver is a rather 
common feature of congenital toxoplasmosis, usually occurring as 
focal inflammatory lesions, small necroses, and biliary stasis {Pratt- 
Thomas & Cannon; Zuelzer). Jaundice and residual hematopoiesis arc 
often found, too. The liver in our case showed a grave inflammation 
with an early cirrhotic transformation of the organ and Toxoplasma- 
resembling inclusions in some cells. 

The eye was unfortunately not preserved for histological examina- 
tion. The manifested microi)btaImia speaks, however, in favour of the 
diagnosis toxoplasmosis. 


With regard to therapy Sabin mentions that almost all antiprotozoal 
drugs have been tried without effect. Sulfathiazole and sulfapyridine, 
have no therapeuUc effect in vitro against Toxoplasma but were found 
to exert an inhibiting and sometimes curative effect on the infection. 
Robinson (1947) has recently described a case of toxoplasmosis in 
a 9-year old girl with clear symptoms of enccphalo-meningitis and 
positive findings of Toxoplasma in the liquor. After treatment with 
sulfathiazole for 18 days, divided into two periods, there was a total 
legrcssion of the infection. It seems thus worth while to try sulfa- 
nazole and emetine as a therapeutic agent. The prospect of improve- 


38 * 
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ment must then be greater in aquired toxoplasmosis than in the 
congenital form where extensive damages have already been made on 
the central nervous system. 

It is interesting to note that this disease seems to exist also in 
bcandmayia. New cases of toxoplasmosis may be discovered if atten- 
tion is paid to symptome of Toxoplasma type and serological tests are 
carried out in suspected cases. It is hardly likely that the disease is new 
in our country — it has probably existed but not been diagnosed. The 
findings made by Magnusson & Wablgren on preparations from child- 
ren who have died with congenital cerebral calcifications bear witness 
to this. 


Summary. 

A case believed to be congenital toxoplasmosis is reported. A new- 
born girl had an early increased sedimentation rate, liepatosplenome- 
galy, and microphtalmia, combined with general debility. Signs of 
grave infection were observed during the two months of life with irre- 
gular temperature and increased sedimentation rate, but no reaction 
in the blood -in the form of leukocytosis. A secondary Staphylococcus 
aureus infection was also present. 

On autopsy gross damages were observed in the brain with necrosis 
and calcifications, together with grave inflammation of the liver. In- 
flammatory conditions resembling those in previously described cases 
of congenital toxoplasmosis were found in microscopical preparations. 
In the cerebral tissue several small particles were present resembling 
Toxoplasma. Scrum taken from the mother showed antibodies against 
Toxoplasma. 

A survey is given over the clinic and pathology of toxoplasmosis, 
especially the congenital form. 
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M WRETE) PliOFESSOR 


THE INFLUENCE OF WOOL FAT ON THE HEALING 

OF WOUNDS 

Gosla Lindquist. 

(Received for publication March 12th 1948.) 

I. Introduction. 

Incspective of the methods that are otherwise used in the treatment 
of open skin wounds, the use of a protective dressing seems to be 
inevitable. The natural wound healing, i. e. the healing under the 
formation of a scab without the presence of a dressing, thus practically 
never occurs in the normal wound therapy. In investigations on the 
manner and the time of the healing of a wound, »wound healing with 
dry dressing« ought therefore to be regarded as the normal way. 

In an experimental investigation on the wound healing in the white 
rat (1946) I have made, inter alia, comparative experiments on the 
healing of open wounds from a macroscopic and a microscopic point 
of view. The wounds were treated with dry dressing, vaseline, wool 
fat, and wool fat containing 25 % of water {= lanolin) and 50 % of 
water. 

The macroscopic examination yielded the result that vaseline ac- 
celerated while w'ool fat (with or without an addition of water) re- 
tarded the wound healing as compared with dry dressing. 

The histological examination of the wounds showed in the main 
that the granulation tissue in the wounds treated with dry dressing 
and in those treated with vaseline had a similar look. The collapnous 
fibres are arranged in certain definite main directions, and the fibrosis 
proceeds gradually from below towards the surface. The difference 
is chiefly quantitative; the granulation tissue in the wounds treated 
with vaseline is more rapidly formed and assumes a considerable thick 
ness. In the wounds treated with wool fat and wool fat containing 
or 50 % of water a peculiar granulation tissue is formed almost 
throughout. The collagenous fibres lie here at random, and at an ear j 
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stage thick connective-tissue fibres a|)i)ear close to the surface of the 
wound. In the intermediate stages (12lli — 15th day) there appear moie- 
over almost throughout plenty of cavities of different size. When stain- 
ed in the usual way with sudan in order to establish the presence ol 
fat, they proved to he filled with fat (Fig. 1). 

As these cavities filled with fat appeared only in the wounds treated 
with'wool fat, it seemed reasonable to suppose that this fat came from 
the wool fat on the surface of the wound. But it is a well-known fact 
that the organism, when subjected to all kinds of toxic influences, 
reacts with degenerative changes, inter alia, with accumulations of fat 
in the tissues. It might therefore he possible that the fat in these ca- 
vities comes from the body itself and that the accumulation has taken 
place as a reaction of the granulation tissue against the wool fat on 
the surface of the wound. As the fat of the body and the wool fat will 
quite naturally be stained in the same way, when the common methods 
of staining are used, no definite knowledge of this could be attained 
from the experiments. Other methods must he used. The simplest way 
of solving the problem ought to be by treating the wounds with stained 
wool fat and leaving the histological sections unstained. The cavities 
in the granulation tissue will then be filled either with stained or un- 
stained fat, depending on whether the fat is of an exogenous or 
endogenous origin. From this starting-point tlic following experiments 
have been made. 


II. Method and material. 

The method used was in the main identical with the one employed 
in earlier experiments on the healing of wounds with regard to the 
contraction ])roccss. 'Fhe material consisted of 10 white rats. 

All operations and dressings were made under ether narcosis and 
sterile precautions. On the cranial part of the animal’s trunk with the 
exception of a narrow part on the ventral side, the skin was freed 
from hair by cutting and subsequent shaving. Immediately after the 
shaving the epilated skin area was dried with a clean towel, after 
which two wounds were produced on each animal ; they were placed 
some distance caudally to the scapulae on cither side of the spinal 
column, and as sjunmctrically as possible. In order to mark the loca- 
tion of the wounds, a circular stamj) ca. 18 mm in diameter was used. 
With a pair of curved scissors, the marked skin with the subjacent 
part of the cutis muscle was cut away, so that the bottom of the wound 
consisted of the loose subcutaneous connective tissue. 

The wounds were covered with sterile compresses, on which wool 
fat was smeared. The wool fat had been stained with a solution of 
•Sudan (50 grammes of wool fat + 30 grammes of solution of sudan). 
In order to protect the wounds and dressings from injury by the 
animal, a metallic shield was jilaced on toj) of the dressing round the 
trunk of the animal. The shield consisted of a strip of thin plate about 


Dry dressiny. • j Vaseline ] Lanohn 
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4.5 cm in brcadlh and without sharp edges; on the vcntrally situated 
side it was cut out cranially and caudally (Fig. 2). The shield was 
attached to the animal with mastic on the ventral side. On the doisal 
kde, where the shield was open, its free ends were held with sticking- 

plaster. 



Fig. 

Rat with (lie two wounds on each side of the spinal column and the shifted 
protective shield with (he compresses. The dotted lines mark the part of the 
shield hidden by the animal, a = free dorsal edge of shield, h = compress. 

/ 3 ; 4 / 


Re-dressing of the wounds was made every third day, when the 
old compress was replaced hy a new oinment compress. On the t)th, 
the 12th, and the 15th day three aiiitiials were killed each time. (One 
animal died in consequence of an overdose in the narcosis.) The 
wounds with the iininediatcly surrounding skin were cut out, were 
mounted on cork sheets and fixed in 10 % formalin. From each wound 
with the iininediatcly surrounding skin a narrow piece of tissue was 
cut out, care being taken that the piece corresponded as far as pos- 
sible to the middle part of the wound. From these pieces sections 50 p 
in thickness were cut, as far as possible at right angles to the surface 
of the wound. From each wound one section was left unstained, while 
another was stained with hematoxylin and eosin. 
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III. Results. 

On the examination of all the histological sections there appears 
again the peculiar look of the granulation tissue, that was earlier 
described, with, inter alia, cavities filled with fat. The fat in these 
cavities is now, however, lightly rosecoloiired, and it is easy to 
distinguish it from the unstained subcutaneously situated fatty cells. 
The conclusion seems fairly obvious that the fat in these cavities has 
come from the wool fat of the wound surface in the granulation tissue. 
It has accumulated here as foreign bodies and as such contributes 
to retarding the wound healing. 

Although no toxic influence on the wounds seems to exist, wool 
fat ought, according to these experiments, not to be used as an oint- 
ment base. As it has too often been pointed out as one of the merits 
of w'ool fat as an ointment base, that it absorbs water, I want to empha- 
size, in this connection, that wool fat absorbs water only through an 
emulgation process, i. e. the two substances are vigorously mixed with 
one another. Resorption of liquid matter from the wound surface to 
the ointment base because it, inter alia, contains wool fat, is therefore 
practically excluded. 


Summary. 

If wounds, experimentally produced on the skin of the white rat, 
are treated with wool-fat (or an ointment base containing wool-fat and 
water), the wool-fat is absorbed by the granulation tissue and forms 
extraneous bodies there, that seem to have a retarding influence on 
the wound healing. 
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EXPERIMENTS ON TRANSMISSION OF INFECTIOUS 
HEPATITIS TO GUINEA-PIGS 

Bj' M. Jcrsild and P. Krug. 

(Boceivod for publication April 3rd. 1948.) 

In 1944 — 45 Vcrlimlc, Boer and van Gcndercn published their re- 
sults concerning experimental hepatitis infection on undernourished 
guinea-pigs'), rcgistrating fever (and in some cases death) as signs 
of established infections. Microscopically liver-lesions consisting of 
cell degenerations and sometimes hyalin-necrotic foci were found, and 
serologically both complement-fixating and neutralizing antibodies 
were demonstrated. 

At the State Scrum Institute experiments were undertaken from 
November 1946 to May 1947 to reproduce these extraordinarily in- 
teresting results. 


Technique. 

Normal guinea-pigs weighing from 250 to 300 grammes were kept 
on their starting-weight on a diet consisting of: 35 ml of a cake baked 
of wheat-bran 4.5 kilogrammes, oat-grits 2.5 kilogrammes, potato-meal 
3.0 kilogrammes, chaffs and water. Besides they got from 5 to 25 
grammes of boiled carrots a day to keep their weight constant. As pro- 
tective food 4 drops of a 5 % solution of ascorbic acid in 1 % citric 
acid in water, and 3 drops cod liver oil (containing 600 int. units vita- 
min A) were given. The weight w'as controlled every tw’o or three days, 
the temperature measured twice a day. 

In comparison guinea-pigs getting normal food would increase 
their weight from 300 to 400 grammes a month. 


) Insufficient nutrition caused by tlic sliortage of food during 1942 — -43 in 
tno Netherlands. 
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The animals were inoculated intraperitoneally once with 0 nu 

that most 0 f°[h^f T' ''bearding the fact (Jersild) 

that most of the fatal Danish cases of hepatitis occurred in women 

during or after the menopause most of the female guinea-pigs had 

then ovaries removed 4 weeks before the infection-experirnemf 


Results. 

1) 8 guinea-pigs inoculated with liver-suspension from a case of 
acute hepatitis (the patient died from a gastric hemorrhage after 4 
weeks of jaundice) showed no increase of temperature and no liver- 
lesions. 


2) 4 animals inoculated with icterogenic serum”) showed no in- 
crease of temperature and no liver-lesions; in one case there was an 
increase in the number of Kupffer-cells. 


3) 16 animals divided in four equal groups were inoculated with 
serum or liver-suspension from acute and chronic cases of infectious 
hepatitis, respectively; the acute being from 10 to 15 days old, the 
chronic cases 2 months and 2 years old. (Liver tissue was obtained by 
aspiration biopsy, after the technique described by P. Iversen and K. 
Roholm ) . 

8 of these animals showed elevation of temperature for a few up to 
15 days during the second to fourth w'eek after the inoculation. Among 
15 non-inoculated controls (analogously fed and observed) however 
one case .which showed increased temperature for five days, was 
observed. The study of temperatures of all the 31 guinea-pigs in this 
series has revealed that the temperature in 97 % was higher than 
38“ Celsius before the animals were put on the special diet outlined 


above, i. e. while they were fed ordinary food consisting of turnips 
and hay. The undernourishment caused a decline in temperature, only 
29 % of the readings being over 38“ Celsius. During the weeks fol- 
lowing inoculation the inoculated groups of animals showed increasing 
temperature, 40 to 50 % of the readings being over 38“ Celsius; the 
controls, on the other hand, had further decreasing temperatures, i. e. 
17 to 28 per cent of the readings being over 38“ Celsius. This difference 
is statistically significant, but study of the daily readings showed that 
many of the daily fluctuations appeared simultaneously among the 
inoculated and the non-inoculated animals, and that changes in e 
diet necessary for maintenance of the weight level (i. e addition of 
boiled carrots) had several times been followed by rises temperatm . 

The weight curves showed that the inoculated anima s , 

of infection\veighed less than the controls (being c osen so ° ® 
most exhausted animals inoculated). It was therefore often necessary 


*) Dr. M. Bjornehoe has made the liver-tissue and tlie icteiogenic seium 
(034 Mac Callum) available for us. 
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lo add more carrots to these exhausted animals’ diet, revising the diet 
every time the animals were weighed. The additions of food were 
determined exclusively on the basis of changes of weight and a clinical 
estimate of the exhaustion of the animal. 

Conclusion: Under-nourished guinea-pigs in this series were able to 
stand injections of human serum or liver-suspensions from patients 
with hepatitis without having anj' temperature reaction; in some of the 
inoculated groups a rise of temperature was noted, which, however, was 
impressionable by small changes of diet. The experimental project 
made it impossible to decide whether some of temperature-increases 
were due to an infection, while others certainly coincided with changes 
of diet. Probably the injected animals are a little more inconstant as 
to body-temperature. 


From the 16 animals mentioned above 7 liver-suspensions for inocu- 
lation into 14 new guinea-pigs were prepared. Later suspensions from 
their livers were inoculated in new animals and so on, the longest 
chain having 5 links. Altogether 16 plus 68 = 84 animals were used. 
The series originating from chronic hepatitis-material included 8 + 63 
animals (results from the first 2 passages indicated that the chronic 
series ought to he continued). — Fever was only found in 7 out of 
68 animals. 

Pathological examination of the 84 livers and microscopical ex- 
amination of all hut 10 showed no lesions corresponding to Verlinde’s 
findings. Two livers were small, 6 large (as compared to the weight 
of the animal). An increased amount of glycogen was found by micro- 
scopy in 6 of these cases (and in 11 with normal liver-weight), while 
one of the small livers was normal, and one large liver was remarkably 
pale and fatty, hut microscopically normal. 

In eight cases many Kupffer cells were found, sometimes in con- 
nection with lymphocytes; besides two animals showed an increase 
in connective tissue. In 16 of the animals a more pale, but yellow-brown 
colour of the liver was found, but without connection lo changes in 
weight or microscopy. (In five animals a localized macroscopic lesion 
of 2 to 4 mm’s size was found, pink or white-coloured; microscopy only 
exists in some of these cases, showing ordinarj’ abscess). 

No connection was observed between the appearance of fever and 
the liver-lesions mentioned; males, females, and castrated females did 
not differ in these reactions. 

Serological examinations: From the 16 + 68 animals we obtained 
14+56 sera for serological purposes. 32 different liver-suspensions 
(12 of which were poolings) -were prepared for antigen in complement- 
ixation. The antigens were taken from animals with fever or liver- 
esions. Two antigens were found to react strongly xvith two sera, the 
iter being 1:300, and weakly with one (technique; see Bjarneboe tt 
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The five animals from which these antigens or sera were taken 

t temperature and sliver-lesions.. - All these 

animals belonged to the chronic hepatitis series 

In all 1234 complement-fixation reactions were performed, all sera 
being tested against the two reacting antigens, and vica versa all the 
antigens were tested against the 3 reacting sera. Among the mentioned 
32 antigens are also antigen from animals lying next to the 5 positive 
animals in the chain of infections. 


Discussion. 

By our experiments we have not been able to confirm the micro- 
scopic liver-changes described by Verlinde and van Genderen. On the 
other hand either complement-fixating antigen or antibody have been 
demonstrated bj' us in few of the animals injected with material from 
patients suffering from chronic hepatitis. 

The experimental under-nutrition of our animals has hardly been 
of the same degree as that of Verlinde’s animals; in contrast to Ver- 
linde’s series no deaths from under-nourishment alone occured (among 
our animals were certain cases of death caused by intercurrent infec- 
tion). Consequent! j' the risk of liver-lesion caused by defective nutri- 
tion has been diminished, whereas on the other hand the chance of 
increased susceptibility to virus may have been less probable. 

The temperatures of the guinea-pigs have been affected by addi- 
tional food (carrots) given when the loss of weight was so considerable 
that the whole experimental scheme would be disturbed, as increase 
of temperature may follow shortly after addition of food. 

The serological findings suggest the resumption of a similar ex- 
periment. In such an experiment should be proposed to keep the food 
absolutely uniform during the whole period (and resign to possible 
cases of death), and further make the serological examinations be- 
fore a liver-suspension is used for injection in new animals to make 
it possible for the further passages of liver material to occur accor- 
ding to informations obtained from possible positive results. 

kacCallum’s results of experiments (changes of tissue in lungs, 
lymph nodes, and liver) indicate that blind passages ought to be con- 


tinued in 4 — 5 series. . , 

It would bo wrong to consider our results as a proof of the fac 
that it is impossible to transfer human hepatitis to gumea-p.gs, but 
we admit our failure to prove the possibility of this. 


Summary. . , , 

6 groups of under-nourished guinea-pigs (in all 28 ' 

inject^ with serum or liver-suspension from 

4 of the 6 groups showed higher temperature from 2 to 4 weeks 
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the injection. None of the animals showed microscopically signs of 
liver-degeneration as described by Verlinde and van Genderen. 

The temperature in guinea-pigs seemed to follow the variations in 
nutrition, masking the interpretation of our results. 

New groups of guinea-pigs were injected with liver-suspensions 
from animals in the 4 groups with fever — and so on taking 68 animals 
divided into 31 groups. 

3 sera and 2 liver-suspensions .showed together complement-fix- 
ation, more than 1000 other combinations were negative. 

Experiments, allowing the positive serological findings to be in- 
structing for the size of the individual series in the passages of the 
the suspected infection, should be undertaken. 
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ON A COMMON ANTIGEN IN PROTEUS X 2 AND 
ESCHERICHIA COLI O GROUP 12 

By F. Kmiffmmm and Beate Perch. 

(Received for publication April 9th 1948.) 

Continuing the investigations »Ueber Antigenbeziehungen zwisclien 
Coli-, Dysenterie- und Salmonella-Bakterien* (1), we have widened 
their scope by including the Proteus group and in the following propose 
to describe an antigen that is common to Proteus X 2 and Escherichia 
coli 0 grup 12. 

The O immune serum prepared from the original Proteus X 2 
strain, which had a titre of 1 : 2560, agglutinated the test strain for 
Coli 0 group 12, viz. strain Bi 626/42, in a dilution of 1: 1280. The 
same was the case with two other Proteus X 2 sera prepared with tv?o 
Proteus X 2 strains isolated in Denmark and already published in a 
previous communication (2). It was there demonstrated that the Da- 
nish strains are identical with the original X 2 strain. 

Another Coli strain of this group (H 501 a) behaved in the same 
manner as the test strain for Coli O group 12 (Bi 626/42) ; this strain 
was likewise strongly agglutinated in Proteus X 2 serum. 

The O serum prepared with Coli strain Bi 626/42, which had a 
titre of 1 : 2560, agglutinated the Proteus X 2 strain at 1 : 640. This 
was also the case with another O serum of group 12 prepared by 
Knipschildt with strain H 501 a. Like the original Proteus X 2 strain, 
the other two Proteus X 2 strains agglutinated in both Coli sera of 0 
group 12. These cross-reactions show that Proteus X 2 and Coh .strains 
of O group 12 have a common O antigen. 

When Proteus X 2 serum was absorbed by Coli strain Bi 626/42, 
only the agglutinins attacking the Coli bacteria were removed, whereas 
the Proteus agglutinins (titre 1:1280) remained in the serum. The 
corresponding action took place when Coli serum was absorbed by 
the Proteus X 2 strain: only the Proteus agglutinins were removed, 
whereas the Coli agglutinins remained in the serum, as will be seen 
from table 1. 
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Tabic I. 


_ — 



0 I 111 111 u n s e r a 


Cultures 

Proteus X 2 1 

Coli Bi 626/42 

uiiiibsorhcd 

altsorhcd by 
Coli I!i G2G/I2 

unnbsorhcd 

absorbed liy 
Proteus X 2 

Prolcus X 2 

2560 

1280 

640 

0 

Coli Bi 626/12 

1280 

1 

I 

! 0 

i 

1 

2560 

1280 


These results show that the O antigens of the two cultures, Proteus 
X 2 and Colt Bi 626/42, contain not the same O antigen but merely 
have common partial antigens. 

There is no O antigenic relationship between Coli O group 12 and 
Proteus X 19 or Proteus XK; thus the special position of the Proteus 
X 2 strain is clearly shown. 

In order to determine whether Coli strains of O group 12 were ag- 
glutinated by sera from typhus patients, we have tested three human 
sera kindly placed at our disposal by the Institute of Hygiene of the 
Ziirich University. Two of these sera (Belgrade 2 and Belgrade 4) 
agglutinated neither the Proteus X 2 strain nor the Coli 626/42 strain, 
whereas the third serum (Belgrade 11), while agglutinating Proteus 
X 19 and X 2, did not agglutinate 626/42 (not counting a slight ag- 
glutination in the scrum, dilution 1 : 10, which might he of no signific- 
ance; see Table 2). 


Table 2. 


100 “-culture 

Typhus fever scruni 

Proteus X 19 

1280 

» X 2 

SO 

' XK 

<10 

Coli Bi 626/42 

10 


Read after 20 iiours in watcrbatli at 50" C. 


It would appear from these experiments (Table 2) that in all 
probability there is no antigenic relationship between Rickettsiae and 
Coli strain Bi 626/42. But as this one patient serum agglutinated strain 
X 2 only slightly, no definite conclusion can he drawn. There is a 
possibility that other typhus sera with a higher X 2 titre would also 
agglutinate the Coli strain 626/42. 


Acta p.itl,. Vol. XXV, 5. 
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Discussion. 

The O antigenic relationships demonstrated between Proteus X 2 
and Coli O group 12 show that a positive Widal reaction with Proteus 
X 2 cannot always be attributed to a typhus infection, because in some 
cases it may be a Coli or Proteus X 2 infection. Coli 0 group 12 is one 
of the most frequent 0 groups (3) and therefore may give rise to an 
infection and a positive Widal reaction. The same applies to the Pro- 
teus X 2 strain, which is also ubiquitous and has recently been de- 
monstrated by us in Denmark. Therefore, if we have to do with a 
positive X 2 Widal, we must include the Coli strain Bi 626/42 for 
control, in order to preclude at least a Coli infection. 

Owing to the lack of suitable sera we were unable to determine 
whether there are antigenic relationships between Rickettsiae, the 
cause of typhus, and Coli strains of O group 12. A solitary test with 
a serum which agglutinated the X 2 strain at 1 : 80 was negative. In 
other words, the only O antigenic relationship is probably between 
Proteus X 2 and Coli strains of O group 12. 

Summary. 

A common O partial antigen in Proteus X 2 and strains of Coli 0 
group 12 is reported. A positive X 2 Widal therefore does not always 
mean the presence of typhus, as it may also be due to an infection 
with Proteus X 2 strains or with strains of Coli O group 12. 
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INFLUENCE OF FRACTIONED ROENTGEN RADIATION 
ON BACTERIAL AGGLUTINATION TITRE 

By Johannes Clcmincscn and Else lO'ng Andersen. 

(Received for publication Api’il 12th, 1918). 

It is the aim of the present investigation further to examine the 
possibilities offered by Roentgen irradiation as a means for lowering 
resistance of experimental animals to inoculations of various kind. 

Studies ])rcviousl 5 ' reviewed and reported have shown that uni- 
versal exposure to Roentgen rays before inoculation will reduce re- 
sistance to homologous and heterologous tumour cells, (3, 6) to Shopc 
fibroma virus (5) and to bacteria given per os (Chrom 1934). This 
reduction of resistance — which may be eliminated by parabiosis to 
a normal animal (Richcl & Holm-Jensen) — has been proved to consist 
in temporary delay of the development of immunity as far as Shopc 
fibroma is concerned, and evidence has been produced that a similar 
proccs probably takes place at heterologous transfer of cells, whereas 
immunity to homologous cells may be completely suppressed (6), and 
— contrary to the others — broken even when once established. 

However, on the whole it seems as if a single dose of rays, even 
if sublethal, is insufficient to influence other than weak immunities 
to a measurcable extent and for more than a short period. Consequent- 
ly, the first possibility for an increase of the said effect must consist 
in fractioned doses distributed over a longer period and thus probably 
less dangerous to the lives of the animals. 

One of the difficulties expected might arise from the impossibility 
of influencing immunity by irradiation after the introduction of an- 
tigen. As has been said, most immunities, when once developed, arc 
refractory to radiation, and preliminary experiments showed the same 
feature for the antigen here employed. 

Technique: Irradiation was done by means of a »Siemcns Roent- 
genbombc« for the use of which we arc indebted to Dr. Jens Nielsen 
of Fhe Radiumstation, Copenhagen. Conditions were the following: 
193 kilowolts 20 milliampcrcs, 0,5 copper filtration, half-value layer 
.9 mm copper. As a rule the rabbits were exposed two at a time. 


3 ?* 
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m a wooden box with a horizontal partition. The dimensions of the 
box were about 40 X 30 X 30 cm. and the thickness of the walls 
1 cm. In each subdivision the upper and lower half were connected 
with hinges on one side and two hooks on the other. In the end of 
the hox a hole, fringed with leather would just close round the neck 
of a rabbit, thus keeping the animal quiet during irradiation. 

Irradiation was given to the side of the animals with a distance 
from the fociis to the skin of the rabbit of about 70 cm. 

When half the dose had been given the box was turned so as to 
expose the other side of the animals. In this way homogeneous irra- 
diation throughout the body w'as obtained. Measurements with a Sie- 
mens intcnsimeler at either side of a rabbit gave an intensity of 22 r 
and 6 r per minute respectively. Thus the intensity in the centre of 
the rabbit was estimated to 14 r per minute. Tbe intensity immediately 
in Front of the box was 23 r per minute. 

Dosage was done by timing. 

The effective dose was 120 r given five times, distributed as shown 
in the diagram. 

Immunisation was carried out by a single intravenous injection of 
0,1 cc. H-Antigen of B. paratyphus B. (formolized broth-culture). The 
antibody titre was determined daily by ordinary agglutination tests 

after incubation for 2 hours at 56". 

The diagrams give curves of the antibody titre, which have been 

slightly smoothed. 
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After preliminary examinations we performed the experiment de 
sciibed on tables I and II: Four groups, each of three rabbits were all 
immunised and irradiated with the same doses. Group I re^h^d Us 
nil dose of raj's before immunisation, group II the same dose after 
immunisation. Group III received a small (120 r X 2) dose before im- 
munisation and the rest afterwards, while a fourth group only had 
this light pre-irradiation of 120 r X 2, and behaved almost like a set-of 
normal controls given on table III. (It may be added that only 1 out 
of 8 rabbits wdiich in other experiments received a treatment simitar 
to group III developed an agglutination titre of 1:25). 




Conclusions: 

From the resulting curves on the agglutination titre and our 
general experience it seems justifiable to conclude; 

1. Fractioned doses are more effective for lowering of resistance 
than single doses. 

2. It seems possible to prevent development of immunity without 
serious damage to the general health of the animals. 

3. A dose of rays which if given before immunisation (gr. I) will 
delay the development of immunity, does not show the same effect 
if applied after immunisation (gr. II). 

4. If an, in itself insufficient, part of the radiation has been ap- 
plied before immunisation (gr. Ill), the remaining dose given after 
the latter will be more effective than the total dose given at the same 
period. Even an immunity otherwise apparently refractory to radia- 
tion may in this W'ay be prevented from developing. 

5. The effect may be visualized as a blockage of the R. E. S. w’hich 
must be established at the appearance of antigen and must be re- 
peatedly renewed in the presence of the latter. 
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INFLUENCE OF ROENTGEN RADIATION ON THE 
SPREAD OF VACCINIA VIRUS IN YOUNG RABBITS 

By Johannes Clemmesen and Else Krag Andersen. 

(Received for publication April 12th, 1948). 

Continuing the investigations described in the preceeding paper, we 
have in the following examined if the effect of Roentgen radiation on 
immunisation could be exploited in making rabbits sensitive to vac- 
cinia virus. 

As we wished to create the most favourable conditions for the 
said effect we used for the experiment very young rabbits, which have 
a weaker response to antigens than older animals, presumably due to 
a less developed reticulo-endothelial system. 

The irradiation was applied according to our earlier experience 
with allowance for the young age of the animals. As we have not 
been able to carry out determination of lethal doses on young animals 
we may in the first experiment have used too small doses, (540 r) 
although the last dose given was very heavy, because the time neces- 
sary to the lethal effect was unlikely to expire before the killing of 
Ihe animals. In the second experiment, on quite young animals, the 
dose used was 420 r and seems to have killed two of the animals, 
though perhaps in connection with the virus infection. 


Technique. 

Roentgen radiation was applied with a »Siemens Roentgenbombe« 
under the following conditions: 

Experiment 1 : 200 kilovolts, 30 milliamperes, 0.5 mm copper filtra- 
tion. 


Experiment 2: 193 kilovolts, 20 milliamperes, 0.5 mm copper filtra- 
tion, halfvalue layer: 0.9 mm copper. 

The young rabbits were exposed two or more at a time, in a wooden 
box designed for irradiation of adult animals. The wall measured 
1 cm. in thickness. Irradiation was given at a distance of ca. 70 cm. 
from the focus to the skin of the animals. When half the dose had 
)cen given, the box was turned so as to expose the other side of tire 
animals. In this way we tried to obtain homogeneous irradiation 
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throughout the body. Dosage was done by timing, and the intensity 
in Exp. 1 was about 21 r per minute, in Exp. 2 about 16 r per minute 
at the distance stated above. This — presumably insignificant — 
change in the conditions was caused by war difficulties. Provided the 
absorption in the wall of the box is negligable, and that measurements 
carried out with adult rabbits hold good in this case, the effective 
average dose given throughout the animals amounts to about 61 per 


Experiment i. 

9 Rabbits, two months old — weight 1000—1100 gr. 
6 Rabbits irradiated. 

3 Controls. 

12 days before inoculation 120 r eff. 

8 days — 

5 days — ^ 

1 day — ■“ 

Vaccinia 0,1 cc X 6 intradermally to all animals. 

2' day after inoculation: 180 r. 


3’ day after inoculation; 2 exp. animals and 1 contiol killed 


Titration of virus XI 

X 2 

Control 1 


Blood 

0 

0 

0 


Liver 

0 

0 

0 


Spleen Lymph node 

1:10 


c- day alte,- inoculation: 2 exp. anim.la ant. 1 conU-oi W.lea 

rt n 


Titration of virus X 3 

X 4 

Control 2 


0 

0 


0 

0 

0 


0 

0 

0 


0 

0 


0 

0 


;10 

;10 


1 : 10 ? 
0 
0 


1:10 

0 

1:10 


, tinn- 9 exp animals and 1 control killed 
9’ day after inoculation. ^ exi . ^ ^ ^ ^ ^ ^ 

Titration of virus') X 5 

X 6 

Control 3 

1 tvnical of a generalised spread 

•) The Patho-anatomical picture wa^s^no^^y normal. 

of virus: Lymph nodes were e g 
spotted appearance of kidney. 
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Expcrimenl 2. 

13 ral)l)ils. Woighi aboul 230 gr. Age 35 and 33 days at inoculation. 

'I’wo litters respectively of 7 and fi rabbit.s were cfiually distributed on 
experimental animals and controls. 

— 12 days before inoculation (10 r 


S days — 

— 

(10 r 

5 days — 

— 

fiO r 

2 days — 

— 

no r 


Vaccinia 0.1 cc. X (1 intrnderinally. 
r day after inoculation: 180 r. 


3' day after 

inoculation: 2 exp. animal.': 

: and 1 

control killed. 





niooit 

I.lvcr Splcrn 

I.ympli noil 

Titration of 

virus XI 

Y O 

0 

0 

0 

1 ;10 


Control 1 

0 

0 1 : 

10 

1 :10 

.')■ day after 

inoculation: 2 exp. animals 

and 1 

control killed 



Titration of 

virus X 3 

10-: 

1 :in 1 : 

10 

>10-^' 


X 1 

10-: 

1 : 10 10 


>10-« 


Control 2 

0 

0 1 : 

10 

1 :10 

O' day after 

inocul. died .. X 0 


10-5 

0 

10-t 

7’ day after 

inoculation: 2 exp. animals 

and I 

control killed 



Titration of 

virus X .5 

1 ;10 

10-3 

0? 

10-6 


X n 

0? 

1 :10 

0 

0 


Control 3 

0 

0 

0 

0 

8' day after 

inocul. died . . .X S 


10-5 

0 

io-< 

9' day after 

inoculation: 1 exp. animal and 1 

control killed 



Titration of 

virus X 7 

10-: 

0 

0 

10-' 


Control 1 

0 

0 

0 

0 


cent of the skin dose, if half the dose is ajjplicd to each side of the 
animal. 


Vaccinia (IM 1/-13. 1 + 1) was injected inlraderinally in six places 
each with a dose of 0.1 cc, into each of the young rabbits, which were 
killed at intervals of a few days. Regional lymph nodes and various 


organs were ground with saline and injected intradernially in an adult 

ranliil in various dilutions according to the usual technique for titra- 
tion. 
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Conclusions: 

Heavy Roentgen irradiation with fractioned doses failed to show 
any certain effect favouring the spread of vaccinia virus in rabbits 
two months old. There may be signs of a weak effect, and it cannot 
be excluded that the dosage may have been insufficient. 

A corresponding experiment performed on young rabbits about 
30 days old, with sublethal doses of Roentgen rays showed a definite 
spread of vaccinia in most experimental animals, but none in the 
controls. 
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SUPPLEMENT TO THE PAPER »ZUR SEROLOGIE 
DER DYSENTERIE-GRUPPE« 

Bj' I<\ Kauffmann. 

(Received for ])ublicafion may Stli, 1918). 

It is our purpose in the present paper to correct an error in the 
nomenclature of the cultures employed in an earlier work, »Zur Sero- 
logio der Dysenlerie-Gruppe«. 

It should be explained that, unfortunatel5% in the paper cited above 
the work of Boyd was not considered, since it was not available to the 
author during wartime. The papers of Wheeler and Weil on the sero- 
logy of the Shigella group appeared after our publication, so com- 
parative investigations of the cultures used could not be carried out 
uMil recently. Ferguson, Weil and Wheeler examined my cultures and 
I am indebted to these authors for liaving placed test strains at my 
disposal. Our investigations arc in complete agreement concerning the 
identity of the strains employed earlier bj' me. 

It was discovered that the strain designated »Oxford W« by the 
author was in reality an »Oxford V« strain, therefore, in the paper 
»Zur Serologic der Dyscntcrie-Gruppe«, one must substitute the de- 
signation ^Oxford V« for »Oxford W«. The cause of this incorrect 
designation was a writing error which occurred at some time during 
the transfer of cultures in the collection belonging to the State Serum 
Institute. 

In order that the designations of the remaining strains may be 
compared with those of other authors, they have been recorded in 
tabular form as follows: 


Table /. 


Kauffmann 

Nomenclature ' 
Andrewes and 1 , 

Inman | '^heeler 

0 f 

Weil 

Oxford W*) 

V 

Ib 

I 

Stansfield VZ 

VZ 

la 

I. Ill 

A 531 Kruse 

yz 

la 

I. Ill 

D 118 Kruse 

w 

Ila 

II 

Mountain WX 

AVX 

Ilb 

II. VII 

H 39 Kruse 

Z 

III 

III 

Whittington Z 

Z 

III 

1 

III 


) The designation ))W« was a writing-error and must be substituted by »V«. 
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It will be seen fr 
comprised 5 Flexner 
stated in table 2. 


om table 1 that the cultures used by the author 
types. The antigenic formulae of these types are 


Table 2. 

Anligcnic Strucltire o[ 5 Flexner Types. 


Nomenclature of Wheeler 

Antigens according to Kauffmann 

la 

1, 2, 4, 5, 7 

Ib 

I, 4, 5, 7 

Ila 

1, 3, 5, 8 

Ilb 

1, 3, 4, G 

III 

1, 2, 4, 6 


It should be made clear tbal the purpose of the above-cited paper 
was not to set up complete antigenic formulae for the Flexner types 
but to record the diagnostically important antigenic relationships. It 
was shown that by means of exactly defined factor sera the differential 
diagnosis of the 5 types tabulated in table 1 was accomplished without 
effecting a distinction in »type« and »group« antigens. The most im- 
portant results of these investigations, it was pointed out, was that 
distinct qualitative antigenic differences occur between these 5 Flex- 
ner types; therefore it is possible to make the type diagnosis by means 
of factor sera in a slide agglutination test. 

It was also demonstrated by a comparison of strains that our 
culture designated »Hiss-Russell Y« belonged to type II a (= W = D). 
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MEMORANDUM ON THE FLEXNER GROUP 


by F. Kaiiffmaiin and IV. IF. Ferguson. 
(Received for publication May Siii 19iS.) 


At the present a variety of nomenclature is in use for the entities 
of the Flexner group. This varies from the race and type designations 
of Andrevves and Inman and Boyd, respectively, to the designation of 
Wheeler and Weil. It is proposed that a new schema he adopted which 
is in agreement with bacteriological nomenclature. 

If we agree that the ultimate designation in bacteriological nomen- 
clature is the type, it becomes apparent that the term »type« for 
Flexner organisms I, II and IV is a misnomer. These entities are really 
subgroups of the Flexner group and each consists of two different 
types. The following schema designates the Flexner types in a true 
sense, according to present-day knowledge: 


Shigella flexncri 
Proposed Designations 

Typo la 1 

Type lb / simplified: type 1 (subgroup 1) 
Type 2a 1 . 

Type 2b / simplified: type 2 (subgroup 2) 

Type 3 
Type 4a 1 

Type 4h / simplified: type 4 (subgroup 4) 

Typo 5 
Type 6 


The typing of Flexner organisms as accomplished by absorbed sera 
picpared after the method of Boyd and Wheeler is a simplified dia- 
gnostic practiee. In reality it is partly a subgroup determination and 
l'‘ii y a type determination. There is no question that it is possible 
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lo demonstrate in antisera for Flexner strains V (1), W (2), Z (3) 
103 (4), P 119 (5) and 88 (6) the existence of agglutinins specific 
for the homologous subgroup or type. But in subgroup 1, Type lb (V) 
is clearly different from Type la (VZ or I, III). The latter contains 
an antigen that is not found in Type lb and differentiates la from 
lb; furthermore, this antigen is not found in any of the other types 
and can therefore not be regarded as a »group antigen». In subgroup 2, 
Type 2a (W) is different antigenically from 2b (WX). The difference 
or specificity in this case lies in the »group antigen«, not in the »type 
specific«, as both types have quite different »group antigens*. In 
subgroup 4, Type 4a is different antigenically from 4b, as both types 
have different »group antigens* (according to Wheeler and Ferguson). 

For the determination of the subgroups 1, 2 and 4 and the types 
3, 5 and 6, we must prepare factor sera I to VI, and for the deter- 
mination of the types in subgroups 1, 2 and 4, additional factor sera 
(la, Ila, Ilb, IVa or IVb). The type diagnosis in the subgroups is made 
in two steps : 

1. determination of subgroups and 

2. determination of types. 

The proposed schema is sufficiently elastic that new types may be 
fitted into it without difficulty. It seems probable that new types 
— that is, new combinations of the so-called »type antigens* and 
»group antigens* — will be discovered if identification of Flexner 
organisms is generally carried to the point of type determination. 

Flexner X and Y are not recognized as independent types, but as 
loss variants only. 

The designation »double types* should no longer be used, as these 
organisms are only »types« (la and 2b, respectively). 
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AUS DEM 


SERODAKTERIOLOGISCHEN INSTITUT DER UNIVERSITAT 
HELSINKI, FINNLAND. 


tiBER DIE KONSTANZ UND VERERBUNG DER SERO- 
LOGISCHEN QUANTITATEN (IM LICHTE DES ISO- 
AGGLUTINATIONSPHANOMENS) ' ) 


Von Prof. Dr. Osv. Rriihoiicn (Strong). 

(Eingcgangcn bei cler Rcdjiktion am 10. Fcbi’uar 1918.) 

Die serologischcn Quanliliilcn, ihrc Konstanz und Vcrerbung, ihre 
Abhiingiglveit von Alter, Gcschlccht, Gcsundheitszustand usw. wurden 
in besonders grosser Ausdelinung und in mehreren Richtungen im 
Anschluss an die Organisation des Blutspendcrdienstcs in Finnland 
wiihrend dcr Kriegsjahre untcrsucht. Unscrc Rcsultatc betreffs der 
Variationen sowohl dcr Titcrsliirkc dcr isoagglutinicrcndcn Sera als 
der Empfindliclikcit dcr Blutkorperclien werden in niichstcr Zukunft 
veroffentlicht. In diesein Vorlrage wird niir in allcr Kiirze iiber einige 
bei uns gemaclite Erfahrungen betreffs dcr Thcorie des Isoagglutina- 
tionsphanomens bcrichtct. 

Zuerst seien einige von inir hauplsachlich zusammen niit Dr. Esko 
Snomalainen gesaninicllc Zahlcn, Material I, betreffs der Konstanz 
der Isoagglutinationstitcr erwahnt. Die 2 %-Aufsch\vemmungen der 
frischen steril entnomnienen und von 0 bis paar Tage in Eisschrank 
aufbewahrten Blutkorperclien und ebenso die Scrumverdiinniingen 
wurden in der Menge von 0,1 cm-’ benutzt. Die Verdiinnungsart geht 
aus der Tabellc I hervor. Die Rcaktionszeit war 1 Slundc bei S?" und 
Vz bis 1 Stundc bei Zimniertemperalur. Die Ablesungcn dcr Rcsultatc 
wurden inakroskopisch nacli Aufschutteln moglichst analogcr Art 
durchgefiihrt. Als Blutkorpcrchcnspcndcr fiir die Rcaktionen fungier- 
len in der Aj-Gruppe baupt sacblich 4 Personen, in dcr A„-Gruppe 2 
und in der B-Gruppe 2 Personen. Die Rcsultatc gehen aus dcr Tabellc I 
hervor, welche die Frequenz der vcrschicdcn starken Rcaktionen an- 
gibt. 


1) Nach cincin im Juli 1917 in Uppsala auf dem Xorclischcn Pathol. Kon- 
gress gebnltoncn Vortrag. Dor Vortrag war ganz kurz (bauptsachlicli nur 
labcllen aus wolclion oinigo Rocbnungsfohlcr liior korrigiort worden sind) 
iiiKl wird jetzt in ansfiilirliclieror Form vorgologl. 

Act.i path. Vol. XXV, 4 


•10 
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Tabelle I^) 
Material I. 


XJIXZ vur- e\,^ .. 

'1^ >I>‘ '1'^ m m vm 1/256 1/512 


Anzahl 

% 


3 

0.04 

19 

0.3 

0-Serum 
220 816 
3.1 11.5 

Ai-BIutk. 
2732 1794 
38.5 25.2 

1194 

16.8 

267 

3.8 

54 

0.8 

2 

0.02 

Sumni 

7101 

Anzahl 

% 

— 

— 

6 

0.6 

B-Serum 
46 123 

4.4 11.7 

Ai-Blutk. 
417 252 

39.8 24.1 

159 

15.2 

44 

4.2 



1047 

Anzahl 

% 


3 

0.03 

25 

0.3 

Anti-Ai 
266 939 

3.3 11.5 

ins Gesamt. 
3149 2046 
38.7 25.1 

1353 

16.6 

311 

3.8 

54 

0.7 

2 

0.02 

8148 

% 

Anzahl 

0.4 

27 

0.7 

47 

1.9 

129 

0-Sei’um 
15.0 25.9 

1023 1772 

B-BIutk. 
36.0 13 9 

2457 950 

5.2 

358 

0.9 

60 

0.1 

5 


6828 

Anzahl 

% 



29 

1.2 

A-Serum 
307 602 

12.4 24.3 

B-BIutk. 
1038 336 

41.9 13.6 

140 

5.7 

20 

0.8 

2 

0.1 


2474 

Anzahl 

% 

27 

0.3 

47 

0.5 

158 

1.7 

Anti-B, ins Gesamt. 
1330 2374 3495 1286 
14.3 25.5 37.6 13.8 

498 

5.3 

80 

0.9 

7 

0.1 


9302' 

Anzahl 

To 


11 

3.7 

6 

2.0 

0-Serum 
61 76 

20.7 25.8 

As-Blutk. 
117 14 

39.7 4.7 

8 

2.7 

2 

0.7 
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Die Tabelle zeigt, dass die gewohnlichste Frequenz der Reaktions- 
starke betreffs Anti-Aj bei der Verdiinning von 1/16 bis 1/32 liegt, 
wahrend dieselbe betreffs Anti B bei 1/8 — 1/16 liegt. 

Aus der Tabelle ist somit dasselbe ersichtlich, was schon Thomsen 
und Keitel in Danemark gefunden haben, namlich dass die Titerwerte 
fiir Anti-Aj sowohl in O- als in B-Sera nnd ebenso die Werte fiir Anti-B 
sowohl in O- als in A-Sera einander folgen. Die Werte fiir Anti-A^ 
sind grosser als die Werte fur Anti B. Wie die ausgerechneten Mittel- 
werte fiir Anti A^-, Anti A^- und Anti-B-Reaktionen sich in 0-Sera ver- 
hielten, geht aus der Tabelle II hervor. 

Aus der Tabelle II ist zu ersehen, dass die Mittelwerte der Reaktio- 
nen in jeder Gruppe, trotzdem die als Massstab benutzten Blutkorper- 
chen von verschiedenen Personen stammten, unter sich ganz ahnlich 
waren. Dasselbe konnte auch in A- und B-Sera konstatiert werden. 

Fine Vorbedingung ist, dass die Anzahl der bei der Mittelwertbe- 
rechnung beriicksichtigten Sera genugend gross ist. Wenn die Mittel- 

1) Die Arbeit mit Dr. E. Suomalainen wird ausfuhrlich in Annal. med. 
exper. et biol. Fenniae erscheinen. 
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Tabellc II. 
Matei'ial I. 


Mittclwerte dor Titerwerte. 
0 Anti-Ai. 


MiUehvertc Aiizalil 

Blut von Fraul. H 31.27 2 468 

» K— a 35.20 1 743 

» N— i 37.42 1 354 

» K— n 30.82 56 

Hen’en U 27.49 689 

NN 30.89 791 


32.95 7 101 

0 Anti-B. 

Blut. von Fraul. K — mo 18.21 3 080 

» S— n 16.59 2 976 

» S — i 13 

» S — d 8 

N. N. 18.97 751 


17.60 6 828 

O Anli-As 

Blut von N;o 4307 14.93 167 

» 471 6.75 44 

» 4300 22 

» 2280 1 

N. N. 12.66 61 


13.43 295 


werte aus Gruppcn von nur 100 Sera bcrcchncl werden, konnen die 
Mitlehverte um cine ganzc Sliifc variicren. In Gruppcn von mehreren 
Hiinderten waren die Varialionen der Mittclwerte bedeutend kleiner. 

Um zu sehen, wie grossc cvcntucllc Febicr bci unsercr Technik 
iind Ablesung vorkommen konnen, haben wir niehrmals an verschicdc- 
nen Tagen dieselbcn Sera mit Blutkorperchen dcrselbcn Personen un- 
lersiicht und dabei cine gate Obcrcinstimmung der Resultate gefunden. 
Nur ganz vereinzelt war cine Differenz von 2 Titerstufen vorhanden, 
meistens waren die Resultate identisch odor waren Differenzen vom i/o 
l)is 1 Stufc vorhanden. Differenzen von Stufen waren sclten. 

Trotzdem unserc in der Tabclle II wiedergegebenen Resultate be- 
treffs der Mittclwerte cinheitlicli waren, kann man naturlich nicht auf 
Grund derselben von einer absoluten Konstanz der Mittclwerte der 
Reaktionen sprcchcn. Wenn cine anderc Reaktionsstarke, als die von 
tins als Grenzwert verwendete, benutzt worden ware, hiitten sicli na- 
tiirlicli auch die Mittclwerte vcrschoben. Die Bedcutung einer Veriinde- 
iiingdcs Grenzwcrtes bei der Ablesung und bei oflerein Weclisein der 
Blutkorperchen spendende Personen geht aus der Tabclle III hervor. 


40 » 


626 


Tabetic III. 
Matei'ial II. 


Titersinrlic 

1/1 

_l/2 

1/4 

1/8 

1/16 

1/32 

1/04 

1/128 

1/256 1/512 

Summe 





0-Serum 

A'Blutk. 





Anzahl 

— 

1 

10 

21 

57 

81 

97 

71 

3 

3 

344 

% 


0.3 

2.9 

6.1 

16.6 

23.5 

28.2 

20.6 

0.9 

0.9 





B-Serum 

A-BIutk. 





Anzahl 

— 

26 

24 

38 

78 

106 

129 

52 

4 

1 

458 

% 


5.6 

5.2 

8.3 

17.0 

23.2 

28.2 

11.4 

0.9 

0.2 





0-Sei‘um 

B-Blutk. 





Anzahl 

1 

9 

20 

28 

42 

50 

46 

10 



. 

199 

% 

0.5 

1.0 

10.1 

14.1 

21.1 

25.1 

23.1 

5.0 







A-Serum 

B-Blutk. 





Anzahl 


16 

54 

77 

118 

103 

74 

32 

1 



475 

% 


3.4 

11.4 

16.2 

24.8 

21.7 

15.6 

6.7 

0.2 




Die in dieser Tabelle angegebenen, von mir spater gesammeltcn 
Zahlen, Material II, sind aus Serien erhalten, die zwar unter sich 
technisch gleichartig behandelt, aber sonst unter sich moglichst ver- 
schiedenartig waren. Es •w'urde ein anderer Grenzwert bei der Ablesung 
gewahlt als bei den in Tabelle I und II referierten. Weiter wurden je- 
den Tag Sera und frische Blutkorperchen von neuen, friiher nicht 
untersuchten Personen genommen. Wiihrend in der Tabelle I (Ma- 
terial I) der gewohnliclist vorkommende Reaktionstiter fiir Anti- A 
einer Seruinverdiinnung von 1 : 16 entsprach, war der entsprechende 
Titerwert in Tabelle III (Materia! II) 1 : 64. Fiir Anti-B waren die 
entsprecbenden Zahlen in der Tabelle I 1 : 16 und in Tabelle III 
1 : 32. 

Tabelle IV. 

Verhaltnis der Mittelworte, der Titerstarkc und der Frequenszahlen. 


Material 1 

MUtelwerle I 

Material II 
Miltelwerlo 11 

Frequens- 

zahlen 

0 Anti-Ai _ 32.95 

61.96 _ 

^ = 1.9 

0 Anti-B 17.60 

34.17 

B 

B Anti-Ai _ 30.30 _ 

A Anti-B 18.39 

4/ 03 _ 8 

31.87 

p/q=:1.0 

0 Anti-Ai 32.95 o 

0 Anti-Ao 13.43 


4^=: 2.8 

Ao 

0 Anti'As 13.43 

0 Anti-B 17.60 


11 

o 

In Dancmark 

(Keitel u. Thomsen*) 

0 Anti-Ai _ 332 _ q 

0 Anti-B ■“112 


^ = 3.2 


‘) von mir ausgereclmet. 
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Aus deni ganzcn Material I (Tabcllc IV) wurde fiir Anli-A, ein 
Mitlelwcrl dcr RcaklionssUirkc von 1 : 32,95 gel’iindcn. In dein Ma- 
terial II (Tabetic IV) war dcr cnlsprcchendc Millchvcrt 1 : 61,96. Fiir 
Anti-B waren die Zablen 1 :17,6 resp. 1 : 34,17 u.sw. Also nicht dic- 
selbcn konslantcn Zablen in beiden Malerialicn. Die nacb veranderter 
Ablesung des Grcnzwcrlcs gefundenen Titerwerte haltcn sich aber 
unabliangig davon, welcbe Blularl A, odcr B iinlersuchl wurden, gleicli- 


formig Ycbschobcn. Das Verhiillnis dcr Millclwcrlc 


0 Anti-.\ 
d^AntlT!’ 


B Anti-A 
A Anli-B 


usw. war in beiden Matcrialicn beinahe dassclbc. Somil konnle man 
viclleicht von cincr Konstanz der Verbiillnissc dcr Mitlchvertc z. B. 


usw. si)rccben, obwohl die unsi)riinglichcn Wcrle O Anti-.A, 
0 Anli-B , . , 

0 Anli-B u.sw. jc nacb dcr Ablcsung der Grcnzwcrlc und dcr .Art des 

Materials im iibrigen versebieden war. 

Wenn sowobl die Sliirke der Sera als aucb die Fmpfindlicbkcil 
dcr BhUkovpcrchcn bcidcs bci den Individuen in eincr Population va- 
riiercndc Grossen wiiren, wiirdc man dennocb niebl von cincm konslan- 
tcn Werte dcr obcngcnannlcn Vcrbaltniszahlcn in absolulcr Bcdculung 
.spreeben konnen. Einc Vorbedingung bierzu wiirc, dass cnlwcdcr die 
Sera dcr Erwachsenen odcr die Empfindlichkeit dcr Bliilkorpcrchcn 
in cincr Population innerhalb dcr Typengruppen unvcriindcrl diesel- 
ben Wcrle haben. Bclrcffs des Tilcrwcrlcs der Sera isl dieses wic be- 
kannl niebl dcr Fall. Die Wcrle der oinzclncn Sera variicren auch in 
dem Fallc, dass dicselbcn Blulkorpercben als Massslab benutzt wer- 
dcn. Tabcllc I. Bclrcffs dcr Empfindlicbkcil der Blulkorpercben dcr 
Brwacbscncn in cincr Population baben Thoniseii und Kcttcl zu der 
Zcil, als die Vicrgcncnlbeorie nocb niebl klargcslclll war, gefunden, 
dass man in 85 % bci dcr Arbcil mil Blulkorpercben der versebieden- 
slcn Provenienz dicselbcn 'rilcrwerle dcr Sera findcl. Unscrc Versuebe 


spreeben dafiir, dass friseb cnlnommene Blulkorpercben vcrscbicdcncr 
crwacbsenen Individuen innerhalb der einzelnen Typcngrui)pcn, also 
in dcr .A,- und B-Gruppe, in einer Pojmlalion, bclrcffs dcr Empfind- 
licbkcil bci dcr Isoagglulinalion incistens idcnliscb sind. Die Unler- 
schiede sind incisions klcine docb kominen aucb grosscre Untersebiede 
obwohl inebr scllcn vor. Dieses isl aber nur giillig unler dcr Bedingung. 
dass die lege artis aufbcwabrlen Blulkorpercben von crwacbsenen In- 
dividuen slainmcn und mdglicbsl friib nacb der Enlnahmc unler- 
suchl werden. Die Blulk6r])ercben der Kinder werden namlicb bis 
20 J. inuncr einpfindlicbcr (Kemp). Mil steigendem Alter werden 
z\\ar aucb die Rcaklionen allmiiblicb scbwiicbcr, Thomsen u. Kcticl. 
Biescs baben aucb wir gefunden. Teorclisch konnle man sicb den- 
sen, dass die Abscliwiicbung der RcaklionssUirkc mil dem Alter von 
emer Abscbwacbung dcr Sera odcr eincr Abstumiifung dcr Empfind- 
ichkeil der Blulkorpercben abbiingig wiirc. Die Iclzlgcnannle Mdg- 
>e Keit isl niebl vorbanden (Thomsen), wobl aber die crslgcnannlc. 
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und werde ich einer spater erscheinenden Arbeit ausfuhrlicher fihp.- 
unsere Erfahrungen betreffs dieser frage berichten 

Wed die Frage. ob die Empfindlichkeit der Blutkorperchen ver- 
schiedener Provenienz innerhalb der Typengruppen in einer Popula- 
tion idenhsch Oder verschieden ist. wichtig und noch nicht als end- 
pdtig aufgeklart zu betrachten ist, babe ich, um die Frage zu be- 
leuchten, verschiedene Materialien in folgender Art naher behandelt 

Das friiher ei^vahnte Material II z. B. war, wie gesagt, so gesam- 
melt, dass alle Tage neues Blut von neuen Individuen austitriert wurde 
Alle Sera der A-Personen wrden mit alien B-Blutkorperchen dessel- 
ben Tages austitriert und ebenso die B-Sera mit alien A-Blutkorper- 
chen, d. h. alle Blutarten desselben Tages wurden kreuzweise mit- 
einander austitriert. Alle AB-Blutkorperchen wurden mit A- und B- 
Sera untersucht, alle 0-Sera mit A- und B-Blut (Tabelle III). Alle 
Tagc hatte ich weiter zur Verfiigung mehrere A-Sera, dit mit B-BIut 
dersclhen Individuen austitriert worden waren, und ebenso mehrere 
A-Blutkorperchen, deren Empfindlichkeit mit B-Sera derselben Person 
untersucht worden waren. Weiter hatte ich auch verschiedene B-Sera, 
die am selben Tage mit denselben A-Blutkorperchen, und verschiedene 
B-Blutkorperchen, die mit denselben A-Sera untersucht worden waren. 
Ebenso standen mir zur Verfiigung mehrere 0-Sera, welche mit den- 
selben A- und B-Blutkorperchen austitriert wurden und B-Blutkorper- 
chcn, die mit denselben 0-Sera austitriert waren. Ebenso wurden die 
AB-Blutkorperchen mit denselben A- und B-Sera austitriert. (Siehe das 
Schema fur 0-Sera.) 

Nur die Reaktionsresultate, welche am selben Tage mit verschiede- 
nen 0-Sera und mit demselben B-Blut erhalten waren, wrden als 
Paare miteinander verglichen. Ebenso wurden die mit verschiedenen 
O-Sera und demselben A-Blut am selben Tage erhaltenen Resultate 
als Paare verglichen. Ebenso wurden weiter die am selben Tage mit 
denselben 0-Sera und verschiedenen A- resp. B-Blutkorperchen erhal- 
tenen Reaktionen als Paare gegeniiber einander gestellt usw. Die Re- 
aktionen in horizontaler Richtung in dcm Schema I geben die Untei- 
schiede der Paare betreffs der Empfindlichkeit der Blutkorperchen an, 
diejenigen in vertikaler Richtung die Unterschiede der Paare betreffs 
der Serumstarke. Die an verschiedenen Tagen erhaltenen Unterschiede 
der Paare wurden zusammengeziihlt. Die Resultate mit 0-Sera gehen 
aus der Tabelle V hervor. Die Resultate mit A- und B-Sera, Tabelle VI, 
Avaren diesen analog. Am selben Tage Avurden nur 2 bis 5 verschiedene 
A-Sera mit 2 bis 5 verschiedene B-Blutkorperchen und umgekehrt I 
bis 5 B-Sera mit 2 bis 5 A-Blutkorperchen austitriert. Die am selben 
Tage untersuchten A-Sera und A-Blutkorperchen resp. B-Sera und 
B-Blutkorperchen stammten von denselben A- resp. B. Indmduen. Di 
O-Scra wurden mit denselben A- resp. B-Blutkorperchen mi ^ ^ 
die B- resp. A-Sera austitriert wurden, untersucht. Die Empfmdlicl - 
keit der AB-Blutkorperchen Avurde mit denselben A- resp. - era, 
Avelchen die Empfindlichkeit der A- resp. B-Blutkorperc len es ges c 
AA^ar, bestimmt. 
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Tabelle V.') 

Material II. 

O Anti-B. 

Differenzen in Stufen. 

222 Paare (verscliied. Serum, dieselben Blutk.). Die An/ahi der 
0 Vs 1 n, 2 21 / 0 . 3 31/2 4 41/2 a 51/, 0 

29 25 51 14 45 iS 35 3 S 2 2 = 222 

105 “vTt 

^^>3 ®/o 52,7 % 

195 Paare (dasselbe Serum, verscliied. Blutk.). 

76 47 56 5 9 1 1 

179 16 195 

61,8 0, 0 8,2 0,0 

O Anti'A.- 

383 Paare (verscliied. Serum, dieselben Blutk.). 

67 59 89 35 54 16 30 6 14 4 6 *> 1 

215 - = 383 

66,1 0/0 43,9 

580 Paare (dasselbe Serum, verscliied. Blutk.). 

177 143 140 50 49 9 10 — 2 

460 120 = 380 

79,3 0/0 20,7 0/0 


Aus den Tabellen V und VI geht deutlich hervor, dass die Emp- 
findlichkeit der Blutkorperchen der Erwachsenen unter sich viel vve- 
niger differieren als die Titerwerte der Sera. Die B-Blutkdrperchen 
waren, mit 0-Serum gemessen, in 91,8 % einander ahnlich. Wenn auch 
Unterschiede von 1% Stufen noch als innerhalb der technischen Fehler 
liegend betrachtet werden konnten, ware die Bbereinstimmung noch 
grosser. Mit A-Sera gemessen war die Ahnlichkeit der B-Blutkorper- 
chen unter sich auch gross. Wenn Unterschiede von IVz Stufen noch 
als innerhalb der technischen Fehlergrenzen liegend betrachtet wer- 
den kdnnen, wiirde die Ahnlichkeit auch hier bis iiber 90 % steigen. 
Die Tatsache, dass die Unterschiede betreffs der Empfindlichkeit der 
A-Blutkdrperchen im Material II nicht so klein sind wie betreffs der 
B-Blutkorperchen, liegt offenbar darin, dass in diesem Material die 
A^- und A„-BIutk6rperchen nicht auseinandergehalten worden waren. 
Wenn die A^- und A^-Blutkorperchen als zwei Gruppen jedes fiir sich 
untersucht worden waren, hatte man wahrscheinlich auch hier die- 
selbe Ahnlichkeit der Empfindlichkeit wie fiir B-Blut gefunden. Dieses 
zeigen spiiter ausgefiihrte Untersuchungen betreffs der Hereditiit dei 
Empfindlichkeit der Blutkorperchen, welche spiiter referiert werden 
sollen. 

Obwohl somit dann und wann ganz abweichende Unterschiede zwi- 
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Tabellc VI.*) 
Material II. 


0 V 2 ^ 


A Anti-B. 

957 Paare (verschied. Serum, dieselben Blutk.). 

Die Differenzen in Stufen. 

11/2 2 21/2 3 31/2 4 I'/a 5 51/2 C 

1.S7 1.3.5 53 65 22 22 5 7 — — 


511 

446 


53.4 ®,o 

46.6 0/0 


420 Paare 

(dasselbe Serum, verschied. 

Blutk.). 

126 106 117 42 14 

8 113 11 — 

— 

349 

71 


83.2 0,0 

16.8 0/0 



B Anti-A. 


520'Paare (verschied. Serum, dieselben Blutk.). 

92 72 127 59 64 

33 37 13 12 1 5 

1 4 

291 

229 


54.0 o/o 

46.0 0,0 


583 Paare 

(dasselbe Serum, verschied. 

Blutk.). 

112 121 167 61 63 

30 20 6 2 1 — 

— — 

400 

183 


68.6 0,0 

31.4 0,0 



Die Anzahl der 
ReaUtions- 
paare 

= 957 


= 420 


520 


=. 583 


sclien der Empfindlichkeit der Blutkorperchen von uns notiert wor- 
den sind, sclieint dieses doch praktiscli genommen fiir die Frage der 

Konstanz der Veidialtniszahlen des Mittehvertes — r — r-s usw. von 

0 Anti-B 

iinlergeordneter Bedeutung zu sein. Die Hauptsaclie ist, dass die Starke 
der individuellen Sera in einer Population unter sich sehr verschieden 
ist, wahrend die verschiedene Empfindlichkeit der Blutkorperchen nur 
eine untergeordnete Bedeutung fiir die Grosse der Titerwerte hat. Ver- 
gleiche die entgegengesetzten Resultate von Schiff und Mendloivicz, 
Schiff und Hiibener. Vergleiche auch mit der Arbeit von Welcker und 
der von Fischer. 

Schliesslich sei erwahnt, dass man der Frage der Konstanz der Emp- 


‘) Die Tabellen V und VI wurden wegen Mangel an Zeit nicht in meinem 
Vortrage auf dem Nordischen Patliologenkongress in Uppsala im Juli 1947 
yorgefiilirt, wobl aber in der Sitzung der Societas pro Flora et Fauna fennica 
im Mai 1947. Wenn die Titergrenze der Paarlinge dieselbe war, wurde die 
Differenz mit 0 bezeichnet. Wenn die Titergrenze dieselbe war, aber bei dem 
emem Paarlinge mit +, bei dem anderen mit + bezeichnet war, wurde die 
uierenz mit % bezeichnet. Wenn die Differenz eine ganze Verdiinnungsgrad 
en sprach wurde die Differenz mit 1 Stufe bezeichnet usw. 
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findlichkeit der Blutkorperchen bei Envachsenen auch in der Art 
naher kommen kann, dass man mit melireren verschiedenen Standard- 
sera Blutkorperchen verschiedener Personen untersucht. Auch dieses 
haben wir getan und haben auch nur ganz kleine Unterschiede unter 
den Blutkorperchen gefunden. So haben wir z. B. gefunden, dass, wo 
in einer kleineren Serie dem Mittelwert der Empfindlichkeit mit O 
Anti-B gemessen eine Verdiinnung 1 : 18 entsprach, dort varieerte die 
Empfindlichkeit des B-Blutes verschiedener Individuen, Anzahl 42, 
nur 1 Stufe iiber und unter diesem Wert Tabelle VII. In einer anderen 
Serie, wo die Messungen mit einer schwacheren Standardserum aus- 
gefiihrt ^vurden, haben wir einen Mittehvert von 1 : 6,2 gefunden, auch 
liier variierte die Empfindlichkeit der Blutkorper verschiedener Per- 
sonen (Anzahl 63) nur 1% Stufen nach oben und unten, Tabelle VII. 
Die Versuche betreffs der Empfindlichkeit der A^- und A^-Blutkorper- 
chen waren nicht so eindeutig. In solchen Versuchen wurden die Ti- 
trierungen nicht am selben Tage ausgefiihrt. 


Tabelle VII. 

Dasselbe Serum — verschiedene Blutkorperchen. 


standard 

sera 

0 I 

1/1 

1 

0,9 o/o 

1/2 

0 Anti-A. 
1/4 1/8 1/16 

2 29 34 

1,8 0/0 26,40/0 30,90/0 

1/32 

35 

31,8 0/0 

1/64 1/128 

9 

8,20/0 

Summe 

110 

0 II 

1 

0,6 o/o 

3 

1,9 o/o 

97,3 0/0 

16 45 72 

10,20/0 28,50/0 45,60/0 

20 

12,6 0/0 

1 

0,6 0/0 

158 




96,9 0/0 




0 I 

— 

— 

0 Anti-B 
- 15 17 

35,70/0 40,50/0 

20 

21,40/0 

1 

2,40,0 

42 

0 II 

— 

100,0 o/o 

7 29 21 5 - 

11,1 o/o 46,0 o/o 33,30/0 8,0 o/o - 

1 

1,6 0/0 

63 




98,4 0/0 





Auf die eventuelle Bedeutung der Mittelwerte und dcren Verhaltnis- 
zahlen bei den Volkern werde ich in diesem Zusammenhang nicht 
naher eingehen. Die eventuelle Bedeutung derselben als die Individuen 
charakterisierenden Zahlen soil hier auch nicht naher behandelt wer 
den. Eine ev. Konstanz bei den Volkern konnte in anthropologischer 
Hinsicht gewisse Bedeutung haben, und ebenso konnte eine Konstanz 
bei den Individuen eine gerichtsmedizinische Bedeutung besitzen. Eine 
Verbedingung solcher vergleichenden Untersuchungen ist eine genu- 
gend grosse Anzahl unter variierenden Bedingungen ausgefuhrter Ti 
trierungen. 
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Aus Tabelle IV ist zu ersehen, dass die Verhaltniszahlen in Finn- 
land und Daneinark verschieden sind. Die Mittehverte fiir Danemark 
sind von mir aus den Zahlen von Thomsen u. Kettels ausgereclinert. 
Aus Zahlen von Schiff kann weiter ausgerechnet werden, dass die Ver- 

liiiltniszahl q Berlin eine andere als in Finniand und 

cine andere als in Danemark ist. Eine kleine Serie von unseren Assi- 
slenten, Dr. T. Savolainen, behandelt die Unterschiede zwischen Fin- 
nen und Deutsclien in dieser Hinsicht. Sein interessantes Material ist 
jedoch auch ganz klein. Wir haben in Finniand Leute mit schwedi- 
schen und finnisclien Namen betreffs der Serumstarke untereinander 
verglichen, oline nennenswerte Unterschiede zu finden. Nur betreffs O 
.\nti-A„ war ein kleiner Unterschied vorhanden. 

In der Tabelle IV habe ich auch die Frequenzzahlen der Qualitaten 
und deren Verhaltnisse unter sich angegeben. Also die Anzahl z. B. 
der A-Individuen im Verhaltnis zur Anzahl der B-Personen usw. Die 
aus der Tabelle crsichtliche Korrelation zwischen den Verhaltniszahlen 
der Titerwerte und den Verhiiltnissen der Frequenz mochte ich als 
scheinbare und zufallige Korrclationen betrachten, well dieselben bis 
auf weiteres unerklarlich und unverstandlich zu sein scheinen. 


In diesem Zusammenhange mochte ich noch die Frage der Ver- 
erbung der verschiedenen Quantitiiten in alter Kiirze behandeln. 

Diesbcziigliche Fragen konnen auf verschiedenen Wegen behan- 
delt werden. Die Zwillingsforschung ist ein Weg, die Familienfor- 
schung ein anderer. Die Zwillingsforschung haben Dahr, Biihler und 
andere benutzt. Den Weg der Familienforschung hat u. a. hex uns K. 0. 
Renkonen betreten. 

Dahr hat nachgewiesen, dass die Variationen der Titerstarkc hei 
eineiigen Zxxdllingen deutlich kleiner sind als hei den zweieiigen. Das- 
selbe hat er auch betreffs der Empfindlichkeit der Blutkorperchen bei 
E. Z. und Z. Z. gefunden, obwohl hier die Unterschiede nicht so deut- 
lich hervortreten wie betreffs der Titerstarke des Serums. Dahr hat 
nicht angegeben, wie stark die Titei'wertc und wie empfindlich die 
Blutkorperchen bei den untersuchten Zwillingen in seinen Serien wa- 
ren. Dieses ware doch wichtig zu wissen, um die Beweiskraft seiner 
Versuche beurteilen zu konnen. Aus unserem Material I, welches kein 
Zwillingsmaterial ist und nicht einmal befreundete Leute umfasst, habe 
ich die Chancen der Ahnlichkeit und Verschiedenheit der Titer zweier 
in der Reihe nacheinander folgender Personen in unseren Serien zu- 
sanimengestellt, Tabelle VIII u. IX. Die Chancen der Ahnlichkeit oder 
Verschiedenheit sind von der Titerstarke abhangig. Die Unterschiede 
der Titerstarkc der Paare wurden auch hier wie bei Dahr in Stufen 
bercchnet. 
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Tabelle VIII. 

Die Differenzen in Stufen in Prozent angegeben. 




0 

Vs 

1 

IVs 

2 21/2 

3 

31/2 

4 41/2 5 

0 

Anti-A 

23 

16 

27 

9 

18 4 

3 


= 100 




66 o/o 



340,0 



B 

Anti-A 

26 

13 

26 

11 

13 3 

5 

2 

— — 1 




65 0;„ 





35 0/0 

— 100 

0 

Anti-B 

28 

10 

39 

6 

13 2 

2 


= 100 




77 0/0 



23 0/0 



A 

Anti-B 

30 

11 

31 

6 

13 5 

4 


= 100 




72 Oq 



28 0,0 




Aus Tabelle A^III ist ersichtlich, dass die Differenzen zwischen zwei 
nach einander wahllos in der Reihe folgenden Individuen ziemlich 
gross sind. Wenn man annimmt, dass eine Verschiedenheit von einer 
Stufe die Grosse der technischen Versuchsfehler angibt, haben wir 
doch eine Ahnlichkeit von 66 % fiir O anti A und 77 % fiir O anti B 
gefunden. 

Die in der Tabelle IX referierten Paarlinge waren so gegeneinander 
gestellt, dass zuerst aus den Protokollen Personen mit der Titerstarke 
% herausgenommen wurden, und als ihre Paarlinge wurden wahllos 
die folgenden in der Reihe — unabhangig davon, welche Titerstarke sie 
batten — genommen und deren Differenzen berechnet. In derselben 
Art wurden diejenigen mit dem Titer Vi herausgenommen und mit 
ihren Nachfolgern verglichen usw. 


Tabelle IX. 

Die Differenzen in Stufen. 


1/2 

0 

V2 

3 

1 

3 

IV2 

1 

2 

8 

21/2 

12 

3 

25 

31/2 

8 

4 41/2 
10 6 

5 

11 

51/2 

6 

6 

2 

6V2 

1 

7 

4 

— 100 

1/4 

2 

6 0/0 

12 

1 

49 

1 

16 

3 

94 0,0 

13 2 

1 







— 

— 100 

1/8 

11 

14 0,0 

2 

52 

1 

14 

2 

15 

2 

86 % 

1 - 








— 

— 100 

1/16 

43 

65 0,0 

11 

32 

1 

13 




35 0,0 

_ 







— 

— 100 

1/32 

20 

86 0,0 

8 

52 

4 

12 

3 

1 


14 0, 0 

_ 







— 

— 100 

1/64 

9 

80 0,0 

8 

12 

0 

33 

7 

20 

3 

20 0,0 

3 — 









— 

= 100 

1/128 


29 o/o 

4 * 

10 

5 

18 

1 

39 

1 

71 o.'o 

13 1 

2 

— 

• — 

— 

— 

100 


20 «o 80 0,0 
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Die Tabelle IX zeigt, class wenn man die Individuen mil einer Titer- 
sliirke 1 : 2 mil ihren Nachfolgen in der Rcihc verglcichl, man nur in 
6 % eine iilmliclie Rcaklionssliirke crrciclil. Wenn von Individuen mil 
einer Reaklionsstarke 1 : 16 jedcs mil seinen Nachlolgern verglichen 
Avird, findel man in 86 % cine Obereinslimmung. Die Dbereinslim- 
inung Avird Avieder schlecbl, Avenn Lcule mil slarken Sera 1 ; 128 mil 
ihren Nachfolgern verglichen werden. Das Ahnlichkeilsprozenl sinkl 
namlich Avieder. Die Zablen der Ahnlichkeil bci den cineiigen ZAvillin- 
gen sind ZAvar grosser bei Dabr als die Ahnlichkeil in unserer Tahelle 
VIII. Die Scrien von Dahr sprcchen somil fiir cine gewisse Bedeulung 
der Heredilal, beweisen aber nichl, class cine solchc A’oriiegl. Es isl 
wciler die Diagnose dor crAvachsenen E. Z. odcr Z. Z. immer clAvas un- 
sicher unci basierl sozusagen Avcnigslens leihveise auf einem Circulum 
in der Definilion. 

Die Vererbung der Tilcrsliirke der Sera unci der Empfindlichkeil 
der Blulkorperchen kann mil Hilfc dor Familienforschung in folgen- 
der Arl belcuchlcl Averden. 

Wie bckannl, kdnnen die Gcnolypen der einzelncn Milglicder einer 
Faniilie in viclen Fallen feslgcslelll Averclen, Avenn die Phiinolypen al- 
Icr Milglicder der Familic zuersl beslimml Avorden sind. Wenn z. B. 
der cine clcr Ellcrn cin A,-Mcnsch isl unci der anclcre cin 0-Mensch, 
unci Avenn untcr den Kinclern .soAvohl .A- als 0-Kincier vorkommen, so 
kann gcschlosscn AAcrdcn, class clcr A-Valer oder die A-Mullcr geno- 
lypisch cin AO-Inclivicluum isl und class clann die cvenlucllcn A-Kin- 
dcr gc nolypisch AO-Kindcr sind. Die A-Eigcnschafl der Kinder kann 
in solchcn Fainilicn nur von clemjcnigen clcr Ellern slammen, Avclchcr 
cin A-Mcnsch isl. Dio Empfindlichkeil der A-Blulkorperchcn muss, 
Avenn Vererhung der Empfindlichkeil clcr Blulkorperchen A’orlicgl und 
das Kind genuiigend all isl, bci Kind und Ellcrn identisch sein. Das- 
selbc gill mulalis inulanclis belreffs clcr B-Eigenschafl in Fainilicn, aao 
der Vater oder die Muller B-Mcnschcn sind und die Kinder A’on so- 
Avohl B- als 0-Typus sind usav. Wenn cinnial die Eigcnschafl der Blul- 
korperchen bci den Kinclern und bei Valor oder Muller idenlisch sein 
muss, Avilrde man erAvarlcn, dieses bcim Tilricren mil dcmselbcn Anli- 
Sera hcrvorlrclcn zu schen. 

Ich babe leilAA-cisc zusamincn mil K. Penttiiicn') 21 Fainilicn in clcr 
Art unlersucbl, class die Empfindlichkeil clcr Blulkorperchen allcr A- 
uncl B-Milglieder dersclben Familie mil Sera aus dersclbcn Familic und 
mil fremden Sera gleichzcilig am sclhen Tagc auslilrierl und als Paar- 
linge cinandcr gcgenubcrgcslelll Avurclcn (Malerial III). Die Diffcren- 
zen Avurclen in Slufen bcrechncl. (Tabelle XI). 


1) hie Arlioit wire! foidgeselzl und in .Amiiil. mod. ex])orini. e( liiol. Fenniae 
m iiiichstcn Zukiinfl erscbcinen. 
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Tabelle X. 


Die vorkommenden Genotypen der Familienmitglieder (Bernstein). 



Vater 

Mutter 

Vorgekoinniene Kinder 

I 

BB.s 

BO 

AO 

BO BO BO 

u 

AO 


BO 

BO 00 AO AB 

III 

AAs. 

AO 

BO 

AO AB AO 

IV 

AO 


BBS. BO 

AB BO BO BO 

V 

AAs. 

AO 

BO 

AO 

VI 

00 


AO 

AO 00 AO 00 

VII 

AO 


AO 

00 00 AAs. AO 

VIII 

AO 


AO 

00 00 

IX 

AAs. 

AO 

00 

AO AO 

X 

AO 


00 

00 AO 00 

XI 

AAs. 

AO 

AAs. AO 

AAs. AO, AAs. AO, AAs. AO 

XII 

00 


BO 

00 00 00 BO 

XIII 

BO 


BO 

00, BBS. BO, 00, BBS. BO, 00 

XIV 

AB 


00 

BO BO AO 

XV 

00 


AO 

AO 00 

XVI 

00 


AO 

AO 00 AO AO 00 

XVII 

AO 


BO 

BO AB AO BO AB 

XVIII 

AO 


AO 

00, AAs. AO, AAs. AO, 00, AAs. AO 

XIX 

AO 


AO 

AAs. AO, AAs. AO, AAs. AO, 00 

XX 

AO 


00 

00 00 AO AO 00 

XXI 

00 


AAs. AO 

AO AO AO 


A 

B 

— 

verscli. 

id.=) 

id. 

versch.“) 

» 

id. 

versch. 

versch. 

id. 

id. 



verscli. 

— 

— 



versch. 

— 

• id. 

— 

verscli. 

— 

— 

id. 

— 

versch. 

id. 

id. 

« 

— 

« 

— 

» 

id. 

versch. 

__ 

« 



id. 

— 

versch. 

— 


Aus der Tabelle X geht hervor, in welchen Familien die A- resp. 
B-Eigenschaft der Blutkorperchen bei den Kindern und Eltern iden- 
tisch sein muss und in welchen sie identisch oder verschieden sein 
kann. 

In der Tabelle XI sind die A-BIutkorperchen sowohl die der Eltern 
und Kinder als die der Kinder unter sich als Paarlinge gegeniiber ein- 
ander gestellt. In der Gruppe I sind die Paarlinge genetisch betrachtel 
identisch, in der Gruppe II konnen sie identisch oder verschieden sein 
(Siehe die Tabelle X). 

Aus der Gruppe II sind die Familien XI, XVIII und XXI in welchen 
sowohl die Aj- als die A^-Eigenschaft bei den Eltern vorkommen und 
somit auch bei den Kindern vorhanden sein konnen, weggelassen. In 
dieser Art ist Gruppe III entstanden. 

In der Gruppe IV sind die A-Blutkorperchen von nicht verwandteii 
Personen als Paarlinge gegeniiber einander gestellt; also Vater und 
Mutter, Vater oder Mutter mit ganz fremden Personen und solchc 
unter sich. 

Die Zahlen in der Gruppe V betreffen dieselben Blutkorperchen 
wie in Gruppe IV. In Gruppe V^ diejenigen Paarlinge welche sicher 
oder Avahrscheinlich verschieden also Aj und Aj-Individuen sind und 
die in der Gruppe IV eingehen, zusammengefiihrt. Die Gruppe V„ 
umfasst die Paarlinge, welche sicher oder wahrscheinlich Aj Aj 


S = seu = Oder. 

“) id. = Die Blutkorperchen m&ssen identisch sein. 

versch. = Die Blutkorperchen konnen verschieden sein. 
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Oder A„— A„ Sind. Die Gruppe V., cnlhiilL den Rest also sowohl A,— A,, 
als A —A, nnd A„— A„ Paarc. i)ic Unlcrgruppon dcr Gruppe V smd 
somil' einhcilliclicr als die fianze Gruppe IV. Lcidcr wuidc 
die Diffcrcnzicrung A, odor in dicscin Malcrialc nur Icihveise durch- 
ccfiihrl. we.shall) atieh die Unlcrgruppen V, und V., viellciclil cini.ge 
nielli richlig diagnoslisierle A,- und A,-Paarlingc enlhallen kanu. 

Die Empfindlichkcilsdirferenz jeder zwei mil einander als Paar 
vcrgliclienen Rlulkdrpcrolien wurden in alien fiinf Gruppen aus dem 
mil deinsclben Scrum crhallencn Rcsullal fcslgcslclU. .Tedes Paar wur- 
de alicr mil melirercn fremden oder vcrwandlcn Sera unlersuclil und 
soniit wurde fiir den einzelncn Paaren mclircrc Differenzen in Slufen 
liereclinel. Die hei den Alilesungen mil + oder ± vcrmcrklcn Endlilcr- 
wcrlc wurden wie friilier (Tahclle V) nichl als glcichwcrlig liclrach- 
Icl. Die Differenzen in Slufen wurden somil nichl mil ganzen Zahlen 
0, 1, 2. 3 usw. sondorn mil 0. I 2 , 1. 1 ', 2 , 2 usw. herechncl. 

TabrUc XI. 

Die laiijifiiullielikeii der .A-Ulmkorperrhen. 

(irtijtpc I. 

F.Ilern: .AO -OO oder .\Ii 00 oder .AO -150. .Alle .A-Kinder AO. 

Dio .A-Kindeniiinre 7nii.'iH('n liolreffs .A miter sirh identiseh soin. elionso die- 

A-l\inder-l'llernpanre. 

Differeiv/m in Stnlon. 



0 

0. 

1 

1V2 

2 


11 

2 

i" 

<» 

V 

• 


... . . - — — 

VI 

2 

2 

— 

1 


— — 

X 


■i 

-- 



— — 

XV 

n 

•i 

1 

— 


— •— — 

XVI 

1:5 

1.') 

20 

.A 

1 


xvn 

.•I 

I 

- 

- - 


— — 

XX 

11 

11 

S 



— 


•M) 

11 

:n 

t; 

1 

— - 


in 

!H.l 

c\ 

/C 



7 - .M.O ''f 


Gruppe ll. 

lUteni: AO -.AO. AA AO. AA OO. AA HO. Die A-Kinder AA 

*)der .AO. 


Die .\-Kinilori)aiire milei- sirli und cdiojisn die Kiiuler'F.lternpaare kiiniien 





ifli 

•nii.'-e 

ll ode 

r 

ehieden 

.‘-■ein. 






Dilleren 

/•en in 

Sl\i 

fen. 




0 

0 , 

1 

1% 

0 

211, 


•TX, 

i 

to. .7 

111 

0 

s 

0 






— 

- 



A' 

1 

1 

1 

— 

1 



- . 


- . 

VII 

8 

;i 

0 


1 



- 



IX 

0 

!) 

s 

1 


- - 

- 



- - 

XI 

n 

17 

7 

.'5 

5 

.1 

:i 

1 

0 

1 1 — 

xvill 

1(1 

1!) 

10 

(1 

7 

1 

5 




XIX 

20 

:5o 

10 

1 

2 







XXI 

10 

K 

(1 

■i 

.'I 

(1 

0 

<7 

1 

— 


71 

ID 

55 

ir> 

11) 

10 

10 

5 

3 

1 1 — 


22l = 

= 75. 

.11% 




70 = 

24.1 

% 
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Gruppe III. 


Dieselbe wie Gruppe II. Die Zahlen der Familien XI, XVIII und XXI. wo 
Ai — ^Aa-Paare vorkommen, sind eliminiert. 

Differenzen in Stufen. 

0 Ve 1 IVz ■ 2 21/2 3 31/2 4 41/2 5 SV, 

34 51 23 2 4 

104 = 94.7 % 8 = 5.3 % 


Gruppe IV. 


Xicht verwandte A*)-Paare: Vater-Mutter, Eltern-Fremde, Fremde-Fremde. 

Differenzen in Stufen. 


0 1/2 1 11/2 2 21/2 3 31/2 4 

32 45 58 31 36 11 25 15 9 

135 = 48.0 % 146 = 52.0 % 


41/2 5 51 /, 

6 4 3 


*) A kann A, oder Aa sein. 


Gruppe V. 

Dieselbe wie IV in Untergruppen: Vi, Va und Vs geteilt. 
Differenzen in Stufen. 

0 1/2 1 W 2 2 21/2 3 31/2 4 41/2 5 51/2 

Gruppe Vi = Ai mit Aa verglichen. 

3 2 4 10 18 11 17 14 9 6 4 3 

9 = 8.9 % 92 = 90.1 % 

Gruppe Va = Ai mit Ai Oder Aa mit Aa verglichen. 

19 31 9 6 4 41 — — — — — 

78 = 83.9 % 15 = 16.1 % 

Gruppe Vs = A*) mit A‘) verglichen. 

10 12 26 15 14 2 7 1 _ _ _ — 

48 = 55.2 % 39 = 44.8 % 


*) A kann A, oder Aa sein. 


Aus der Tabelle XI geht hervor, dass, wo die Empfindlichkeit der 
A-Blutkorperchen (A^ oder Aj) identisch sein muss, man auch ziem- 
lich identische Resultate erhalt, namlich die gleiche Empfindlichkeit 
in 94,1 %, wenn die Grosse der technischen Versuchsfehler einen Un- 
terschied von einer Stufe nicht iibersteigt. Man muss aber vielleicht 
mit Versuchsfehlern von der Grosse 1% Stufe rechnen. In diesem Falle 
ware die Identitat zwischen Kindern und Eltern iiber 99 %. Anderer- 
seits hat man in der Gruppe II, wo theoretisch ein quantitativer Unter- 
schied zwischen Kindern und Eltern vorhanden sein kann (A, und 
Ag), eine bedeutend kleinere Gberenstimmung, nur in 75,8 %. Wenn 
die drei Familien, namlich XI, wo die Eltern sicher verschieden (A, 
und A,) sind, Familie XVIII, wo dasselbe wahrscheinlich der Fall ist 
und Familie XXI, wo die Mutter offenbar ein AjA„ Mensch ist, wcg- 
.gelassen werden, so ist die tibereinstimmung auch in dieser Gruppe 
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«ross, 94,7-prozentig. Wenn man weiter aucli liier technisclic Fehler 
von Stufen annimmt, wird das Prozent der pbereinstimmung uber 
96 %. Mit denselben Sera gemessen ist die Empfindliclikeit der Blut- 
Ivorperchen innerhalb derselben Typengruppe, also bei A,^- und A^- 
Paarlinge, ebenso bei A„- und A,-Paarlinge bei den in genetischer Hin- 
siclit qualitativ identischen Personen mit einander ahnlich in 94,1 %, 
bis 99 % Gruppe I. In solchen Fallen, wo das Blut einer A^-Person als 
Paarling gegeniiber eine A,-Pcrson geslelll wird, sind grosse Unter- 
schiede vorlianden. Vielleicht konntc man, wenn grosse Unterschiede 
in A-Familien gefunden werden, die Diagnose Aj oder A^ auf diesem 
Wege stellen. Doch muss man bedenken, dass in diesem kleinen Fami- 
lien Material zwischen den Aj-Ellern keine grossere unterschiede be- 
Ireffs, der Empfindliclikeit der Blulkorpcrcben vorgekommcn war. Mit 
grosscren Aj-Material wtiren grossere Unterschiede zwischen den Eltern 
und dem gemass auch bei der Kindern zu erwarten. Dafiir spricht die 
Fainilie XIX wo ein Differcnz von 1 Stufe bei den Eltern vorhanden 
war, 

Es scheint als wtireu die verschiedenen Werte, die man beim Aus- 
litrieren der B- oder O-Sera mit A-Blutkoriierchen derselben Gruppen 
Aj oder A„ in derselben Familie crhalt, hauptsachlich auf Verschieden- 
heiten der Sera zuruckzufuhrcn. Wenn in einer Familie die Blutkor- 
perchen von Aj-Tjtius sind, scheint man unabhangig davon, welclien 
Aj-Blutkorperchcn man als Massstab benutzt, ungefahr dieselben 
Werte der Titerslarkc eines Serums zu erhalten, Werden A„-Blutk6r- 
])erchen als Indikator benutzt, crhalt man andere Werte, aber auch 
hier scheint die Hauplursache der ^"erschiedenheiten im Serum zu 
liegen. Wenigstens ist cs uns nicht mit unserer Technik gelungen, 
sichere quantitative Unterschiede betreffs der Empfindliclikeit der 
Blutkdrperchen bei den zur sciben Familie liorcnden A-Paarlinge wel- 
che qualitativ derselben Art A, und A^ oder A„ und A„ sind, zu finden, 
ilit genauerer Technik wird es vielleicht moglich. Bei nicht verwand- 
ten Aj — Aj und A„ — A„ Paare (Tabelle XI Gruppe V„) ist die Ubercin- 
stiiiiiiiimg nun 83,9 %. Bei den gleichzeitig untersuchten Faniilien Mit- 
glieder war die entsprcchende Procent 94 bis 95 %. 

Soniit konnte man innerhalb den Typengruppen von einer Ver- 
erbung der Empfindliclikeit der A-Bliitkorperchen sprechen. Doch sei 
benierkt, dass die Diagnose Aj oder A„ in der Gruppe V., teilweise nur 
eine Wahrscheinlichkeitsdiagnose war. Die Zahlen in dieser Gruppe 
eiitsprechen diejenigen Zahlen, 85 %, welche Thomsen, dort wo A^ 
und A„ Blutkorperchen offenbar geniischt untersucht waren gefunden 
hat. Vielleicht wird man mit Hiilfe diesartigen in grosserem Umfange 
ausgefiihsten Untersuchungen cine endgiiltige Antwort auf die Frage 
erreichen. In der Tahelle XII sind die B-Blutkdrperchen so\.ohI die 
der Eltern und Kinder als die der Kinder unter sich als Paarlinge ge- 
geniiber einander gestellt. 


Acta path. Vol. XXV. 4 


41 
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Tabelle XII. 

Die EmpfindlicWceit der B-Blutkdrperchen. 


Gruppe I. 

Eltern BO— 00 Oder BO— AO 
Oder AB — 00. 

Alle B-Kinder = BO. 

Die B-Eltern Kinderpaare under die B- 
Kinderpaare rniissen identisch sein. 
Differenzen in Stufen. 

Familie Q l/g 1 ll/g 2 2 I /2 3 31/2 4 

IV 

XIII — — _ — 

XIV 4 2 1 — — 

XVII 78 4 2 — — — — — 

11 10 5 2 

26 = 92.1 % 2 = 7.9% 


Gruppe II. 

Eltern BB— AO, BO— BO, BB— 00. 
Die B-Kinder BB oder BO. 

Die B-EItern Kinderpaare und die B- 
Kinderpaare kdnnen identisch oder 
verschieden sein. 

Differenzen in Stufen. 

Familie Q I /2 1 II /2 2 2 I /2 3 3 I /2 4 

15 98 2 — — — — — 

IV— 13 

XIII 8 — 7 — — — — — — 

XIV _____ _ 

XVII _____ _ 

13 10 18 2 — — — — — 

41 = 95.3 % 2 = 4.7 % 


Gruppe III. 

Nicht verwandte Paare: Vater — Mutter Paare, 

Eltern — Fremde Paare, Fremde — Fremde Paare. 

Differenzen in Stufen. 

0 1/2 1 W 2 2 21/2 3 31/2 4 

51 44 19 3 1 _ _ _ _ 

114 = 96.6 % 4 = 3.4 % 

In der Gruppe I (Tabelle XII) sind die Paarlinge betreffs den Blut- 
kdrperchen genetisch identisch, in der Gruppe II konnen sie identisch 
Oder verschieden sein (Tabelle X). Wahrscheinlich sind sie identisch. 

In der Gruppe III sind B-Blutkorperchen von nicht verwandten Per- 
sonen gegeniiber einander als Paare gestellt. Sonst ist die Tabelle XII 
mit Tabelle XI vergleichbar. 

Aus der Tabelle XII ist betreffs der B-Blutkorperchen eine noch 
grossere Ahnlichkeit der Empfindlichkeit als aus der Tabelle XI be- 
treffs der A-Blutkorperchen ersichtlich. Wenn man technische Fehler 
von einer ganzen Stufengrosse annimmt, ist die Obereinstimmung in 
unserer Familienmaterial 92,1 bis 95,3 % und bei Nichtverwandten 
96,6 %. Wenn diesartige Fehler 1% Stufe entsprechen konnen, was 
bei unserer Technik moglich ist, ist Ubereinstimmung in 100 % vor- 
handen bei den Verwandten und bei den Nichtverwandten in 99 %. 

Wenn man die ev. Fehlergrenze kleiner als 1 Stufe setzt, findet man 
bei den genetisch identischen eine Obereinstimmung in 75 % und nur 
in 52,2 bei den genetisch verschiedenen. Also eine zweifelhafte An- 
deutung zur Hereditat. 

Unser Familienmaterial ist klein. Die Blutkorperchen jedes Eltern- 
Kindpaares wurden mit verschiedenen starken Sera untersucht und 
deshalb ist die Anzahl der Paare in den Tabellen XI und XII verhalt- 
nismassig gross, wahrend die. tatsachliche Anzahl der verschiedenen 
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Blutkorperchenpaare bedeutend kleiner ist, wie aus der Tabelle X her- 
Yorgebt. Das kleine Material berechtigt somit zu keinen Schliissen be- 
treffs der Erblichkeit der Empfindlichkeit der B-Blutkorperchen. 

Weil unsere Untersucliungen in dieselbe Richtung gehen, scheint es 
wahrscheinlich, dass die eben besprochenen Resultate einen Fingerzeig 
in die Richtung bedeuten, dass eine Erblichkeit der Empfindlichkeit 
der A-Blutkorperchen zwar vorliegt. Diese scheint aber qualitativer, 
und nicht quantitativer Art zu sein, also A^ oder A,, aber nicht »stark 
empfindliches« A^^ oder »schwach empfindliches« Aj und nicht »stark 
empfindtiches« A^ oder »schwach empfindliches« A,. Eine Erblichkeit 
der Empfindlichkeit der B-Blutkorperchen ist schon deshalb mit un- 
serer Technik nicht nachweisbar gewesen, weil ^^^r iiberhaupt bei die- 
sen Blutkorperchen keine nennenswerten Unterschiede auch bei den 
Nich-verwandte Paarlinge desselben Tages gefunden haben. 

Unsere Titrierungen betreffs der Empfindlichkeit der AB-Blutkor- 
perchen haben nicht so eindeutige Resultate gegeben, Tabelle XIIL 
Wird auch hier eine Differenz von 1 Stufe als moglicherweise fehler- 
haft bestimmt angenommen, findet man eine Obereinstimmung in 
90 % betreffs A. Wenn eine Differenz von 1^/^ Stufe noch als mogli- 
cherweise fehlerhaft betrachtet werden muss, ist eine Ahnlichkeit un- 


Tahelle XHI. 

Die Empfindlichkeit der AB-Blutkorperchen. 

Die AB-Eltern mit den A- und B-Kindern, die AB-Kinder mit den A- Oder 
B-Eltern und die AB-Kinder unter sich verglichen. 


Gruppe I. 

Die Paare miissen betreffs A 
identisch sein. 

Differenzen in Stufen. 

Famine Q l/g 1 II /2 2 21/o 3 

II 1 5 — — — —“ — 

III _____ _ _ 

IV 1 — 2 — 1 — — 

XIV _ 1 2 1 1 1 - 

XVII 7 12 5 — _ _ — 

9 18 9 2 1 1 — 

36 = 90.0 % 4 = 10.0 % 

Die Paare miissen betreffs B 
identisch sein. 

Differenzen in Stufen. 

Familie Q 1/3 1 \1/., 2 2U, 3 

II - 1 - _ _ _ _ 

III — 2 3 — _ _ _ 

IV _____ _ _ 

XIV — 3 3 2 1 1 _ 

XVII 7 14 13 5 — 3 — 

7 23 19 7 1 4 - 

49 = 8 O ..3 % 12 = 19.7 % 


Gruppe II. 

Die Paare konnen betreffs A identisch 
Oder verscbioden sein. 
Differenzen in Stufen. 

Familie Q I /2 1 W 2 2 2y2 3 

III 1 1 2 3 1 1 — 

XIV — — _ 

XVII ______ _ 

1 1 2 3 1 1 _ 


Die Paare konnen betreffs B identisch 
Oder verscieden sein. 
Differenzen in Stufen. 

Familie Q I /2 1 ll/g 2 2 I /2 3 

IV 1 1 2 1 — 1 — 

XIV — — _ 

XVII — — _ 

112 1 — 1 — 


4l« 
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ter den identischen A-Werten der AB-Blutkorperchen der Kinder und 
Eltern in 95,0 % vorhanden. Die entsprechenden Prozente fiir die B- 
Werte in AB-Familien sind 80,3 resp. 91,8 %. Bei den Personen, wo die 
A- und B-Anteile der AB-Blutkorperchen yerschieden sein konnen, 
Sind die Unterschiede vielfach grosser. Betreffs der Vererbung der A- 
und B-Anteile in AB-Blutkorperchen sind keine Schliisse moglich. Die 
Anzahl der untersuchten Blutkorperchen ist klein und Abweichungen 
sowohl betreffs des A- als B-Anteils kommt auch bei den jiingeren 
»identischen« Paaren vor (Tabelle XIII). 

Icb babe schliesslich auch einige Versuche betreffs der Hereditat 
der agglutinierenden Starke der Sera ausgefuhrt. Ganz we die Here- 
ditat der Empfindlichkeit der Blutkorperchen mit Hilfe Familienmate- 
rials beleuchtet werden kann, kann es auch die Vererbung der Titer- 
starke der Sera. Wenn z. B. beide Eltern A^-Menschen sind und O- 
Kinder in dieser Familie vorkommen, sind beide Eltern genotypisch 
A^O-Menschen. Eventuell vorkommende 0-Kinder haben die 0-Eigen- 
schaft von Vater und Mutter bekommen und konnen imter sicb be- 
treffs der Hereditat der agglutinierenden Starke der anti-A und anti-B 
verglichen werden. 

Es existieren in der Hauptsache zwei Theorien fiir die Vererbung 
der Agglutininen. Die eine Theorie ist von Bernstein aufgestellt, die 
andere von Furuhata. Vergleiche Wiener. Wenn die Theorie von Fu- 
rnhata, dass A mit b, B mit a und a mit b vollig gekoppelt sind (Ab, 
aB und ab) (complete linkage) richtig ware, miisste m. E. in Familien, 
wo beide Eltern AO-Individuen Oder beide BO-Individuen sind, even- 
tuell vorkommende 0-Kinder, welche immer Homozygoten (ab). (ab) 
sein miissen und nie die Genpaare Ab oder Ba erben, betreffs sowohl 
Anti A = a als Anti B = ^ identiscb sein, wie das beistehende Schema 


(Furuhata) 

es zeigt. 

Schema 2. (Furuhata). 



Vater .\0 

tier 

AO Kind 00*) 

Kind 

00*) 

a'lA 


aibi a^b-i 

add 

a"-b2 



von Valer von Mutter 

von Vater 

von Mutter 


Dasselbe Schema ist fiir Eltern BO und BO betreffs der ab-Gene bei den 
00 Kindern giiltig. 

Die erste von mir untersuchte Familie dieser Art zeigle, dass a 
zwar bei beiden 0-Kindern identiscb war, aber nicht. Meine spatcrcn 
Versuche haben dieses Resultat bestatigt. Entweder existiert ab nicht 
wie Furuhata annimmt, als vollig gekoppeltes Genpaar, oder sind die a- 

■“Vl^-Kinder miissen genetisch identiscb sein, wenn a mit ^ gekoppelt 
-^ererbt werden. 
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und b-Eigenschaften nur qualitativ aber nicht quantitativ gekoppelt 
vererbbar. 

Bernstein hat angenommen, dass sowohl a als P voneinander un- 
abhangige normale Bestandteile der menschlichen Sera sind. Wo die 
Blutkorperchen von A^-Natur sind, kann a nicht im Serum entwickelt 
werden, wohl aber p. Sind die Blutkorperchen von B-Natur, kann p 
nicht entwickelt werden wohl aber a. Demgemass miissen, wo beide 
Eltern A^O sind, die 0-Kinder betreffs a identisch sein. Die /?-Eigen- 
schaft konnte variieren (Schema 3). Wo beide Eltern BO sind, miisste 
vice versa die /?-Eigenschaft bei den 0-Kindern identisch sein und 
konnte die a-Eigenschaft variieren (Schema 4). Umgekehrt konnte 
man sagen, dass wenn die 0-Kinder in den AO- und AO-Familien be- 
treffs der Starke des a-Agglutinins und in BO-BO-Faniilien betreffs P 
immer quantitativ identisch sind, wiirde dieses fiir die Vererbung der 
Quantitiiten sprechen. Meines Erachtens ist die von Bernstein aufge- 
stellt Theorie am besten so zu verstehen dass auch die a- und /?-Eigen- 
schaften von bestimmten Genpaare aa und pp reguliert werden. 
Diese Genpaare sind nicht mit den die Bluttj’pen A, B und O rcgu- 
lierende Gene gekoppelt. Die Konstanz in den Tabellen I und XIV ist 
nur so verstfindlich. 


Schema 3. (Bernstein) betreffs a. 


Vater 

Mutter 

Kind 

Kind 

.\iO 

AiO 

00 

00 

/ \ 

/ \ 

/ \ 

/ \ 

nicht (i 

nicht « fdt 

kII 

(di 



betreffs 3 


AiO 

AiO 

00 

00 

/ \ 

/ N 

/ v 

/ \ 



odor 

/?' Oder 



/?* Oder 

pi pi Oder 



/?- oiler 

p- P'i Oder 



fB pi 

/?2 pi 


Somit muss a bei den 0-Kindern identisch, p kann verschieden 
sein. Auf die Frage und scheint es mir nicht notwendig in diesem 
Zusammenhange naher einzugehen. Siehe doch das Schema 5. 


N'ater 

BO 

nicht/? /?! 

BO 

/\ 


Schema ft. (Bernstein) betreffs p. 


Mutter 

Kind 

Kind 

BO 

00 

00 

/\ 

/\ 


nicht p pn 

pi pa 
betreffs n 

pi pii 

BO 

00 

00 


X\ 

/\ 

ein „iv 

«r 

(till 


Oder id «iv 

Oder ai (xiv 


Oder «HI 

Oder all ■ ain 


Oder «ii fdv 

Oder «il «iv 
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Beti-effs /9 ist die Sache bei 0-Kinder in BO-BO-Familien noch 
klarer als in den AO-AO-Familien betreffs a, weil man nicht in der 
B-Gruppe mit zwei Untergruppen (B^ und B,), wie in der A-Gruppe 
(Aj und Aj) zu tun hat. In BO-BO-Familien ist bei den 0-Kindern ^ 
identisch, a kann verschieden sein. Schema 4. 

Ich babe unter im ganzen 76 austitrierten Familen nur vereinzeltc 
dieser Art zur Verfiigung gehabt. Die Sera der 12 0-Kinder wurden 
mit Aj und und B-Blut verschiedener Provenienz aiistitriert und 
nur die mit denselben Blutkorperchen am selben Tage in der selben 
Familie erhaltenen Titrierungsresultate miteinander als Paare ver- 
glichen. Siehe die Tabellen XIV. 

Tabelle XIV. 6 Kinder. 

O-Kinderpaare; Eltem AO und AO oder BO und BO. 


Die Starke der Sera mit theoretiscli 
identischen Agglutininen. 

a-Agglutinine. 

Differenzen in Stufen. 

Familie 

0 1/2 1 W2 2 2% 3 31/2 

VII 3 — 3 _ _ _ 

VIII 2 2 2 

XLII 1 1 — _ _ — 

6 3 5 

14 

y5-Agglutinine. 

XIII 3 — 3 ___ 

Zusammen. 

9 3 8 _ _ _ 

100 % 

a-Agglutinine, 

XVIII 10 5 6 2 3 — 2 1 

21 = 72.4 % 8 = 27.6 % 


Die Starke derselben Sera mit ver- 
schiedenen oder identischen 
Agglutininen. 

/5-Agglutinine. 

Differenzen in Stufen. 

0 1/2 1 2 21/2 3 31/0 

— 1 1 1 — 

— 1 2 1 — 

1 1 — — _ — 

1 1 — — 2 3 2 — 

2 7 

a-Agglutinine. 

- 1 1 1 

Zusammen. 

1 2 — — 3 3 2 1 

3 = 72.4 % 8 = 27.6 % 


1 5 2 3 1 — 1 1 

8 = 57.1 % 6 = 42.9 % 


Trotz der geringen Anzahl der Sera ist die Theorie der voneinander 
unabhiingigen a- und /?-AggIutinine (Bernstein) iiberall bestatigt. Wo 
die a- Oder /?-AggIutinine in der Theorie identisch sein miissen 1 st 
dieses in fast 100 % sowohl betreffs a als /? bestatigt, Tabelle XH 
links Wo die Werte der a und ^ bei den Paaren variieren kbnnen, is 
es auch oft der Fall, Tabelle XIV rechts und auch XV^ 
mit 0-Kindern, wo die A-Eigenscliaft des einen der Eltern A 1 st. 1 

solche,, Fallen ist, die Wentitat ", 

notwendig. Siehe das Schema 5 und die Rcsultate betreffs der F. 

milie XVIII in der Tabelle XIV. 
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Tabellc XV. 

0 -Kinclorpnarc; EUcrn AO uiul BO Oder AO uiid 00 odcr BO und 00. 
Die a- und y?-Agglutininc kdnncn bcidcr.seits theorotisch vcrschicdcn 

Oder idon(i.scIi sein. 


a-Agglutinine. 

Difforenzen in Slufen. 

Pamilic 

0 y. 1 11/2 2 21/2 

VI 1 — 1 -- - 

X 1 - 2 2 - - - 

XII 2 $ S — — - 

XVI 1 1 .1 — 1 — ' 

XX 3 r. 4 4 1 -- - ■-- 

XXXIII 1 .'5 1 1 

,\XXV 2 — — -- 

L — 1 1 -- - - 

LI 1 1 — -• - 

LIII 1 2 ;{ — -- - 

LXIII 1 1 - -- 

LXXII — .‘{1 1 1 - - 

LXXVI — 1 1 - ■ - ■ 

12 20 18 8 7 2 - 

r)0 = 74.(i% 17=^2.V4S7 


^-Agglulininc, 

Bifferciv/.en in Stufen. 

0 Vo 1 11/0 2 23/2 3 31/0 

2 — 4 — .‘i — — — 

.‘5 2 1 1 — — — — 

.> _ .. 

- 2 - 1 — 2 1 — 

12 7 8 .‘5 ;') 4 1 — 

27 = 07.5% 1.3 = 32.5% 


Srhcniii 5. (VitM-gcncnteori Cf, und a..). 


bclrclls « 


1 


Yaler 

Mutter 

I\ind 

Kind 

.U) 

..\,0 

00 

00 

f^n 

/\ 

/\ 


«i «i o(k’r«; 

niciildi «i'**oder<i;; 

»' 


Ix-trells /) 

niclit 

oiler 11 " fr"**) 

oiler n” 

.\..o 

.\,0 

00 

00 

/\ 

/\ 

/\ 

/\ 

/5l /^II 


/;' /I"' 
oiler /)* /’*' 

Oder /i” 
oiler /i"’ 

/?' r 

oiler /)* 
oiler /S" 

Oder 


Mcinc X cr.suche .sprechen soinit onlschiotlcn I’ur cine X'ererbung dcr 
Sliirkc (ies Agglulininc a und (i. Ohwohl ieh untcr 7vS Fainilicn mir 
einige verwendbure I'amilicn gcl'undcn Iiabc, schcinl cs docb leicblcr 
•uif diesem Wege cin geniigend grosses fiir die 'riicorie dcs Isoagglu- 
linalionsphanoincns verwendbares Material /.u sainmcln, als auf dcin 
nege dcr Zwillingsforscbung. welehc Dalir ))elrclcn hat. 

Aus dcr rai)ellc XV ist auch ersiclillieb, wie die a- und /^-Aggluli- 
inne bei 0-Kindcr])aarcn in solcben Fainilien, wo sowolil a als p tbeo- 

■) ct’” kiinn a, odor a„ .^ein. 
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retisch gleich oder verschieden stark bei den Kindern sein konnen aJjcr 
nicht sein miissen, sich verhalten. Die Ahniichkeit der Reaktionsstarke 
ist nicht so gross wie es die Tabelle XIV betreffs hereditiir identischer 
Agglutinine zeigt. Bei den hereditar identischen a und ^ Agglutininen 
war die quantitative Starke in 100 % dieselbe, Tabelle XIV. In Ta- 
belle XV, wo eine bereditare Ahniichkeit nicht vorhanden sein miisste, 
war die quantitative Ahniichkeit betreffs a nur in 74,6 % und be- 
treffs ^ nur in 67,5 % zu sehen. Wo keine Hereditat vorhanden war, 
Tabelle V, war die y3-% nur 47,3. 

Meine Versuche sprechen somit entschieden fiir eine Vererbung 
der Starke der Agglutinine und somit auch fiir die Vererbung der sero- 
logischen Quantitaten. Die Anzahl der Versuche ist aber zu gering uni 
endgiiltige Schliisse zu erlauben. Die Bedeutung des Milieus mochte 
ich natiirlich nicht betreffs der Isoagglutinine, auf Grand dieser ver- 
einzelten Versuche verneinen. Bekannt ist doch dass bei erwachsenen 
Individuen die agglutinierende Starke des Serums ziemlich konstant 
und von Krankheitszustanden und anderen ausseren Faktoren ziem- 
lich wenig heeinflusst ist. Das Isoagglutionsphanomen^) hat weiter in 
quantitativer Hinsicht auch deshalb eine Sender- oder Schliisselstel- 
lung, weil die beiden bei der Reaktion teilnehmenden Faktoren die 
Starke des Serums und die Empfindlichkeit der Blutkorperchen jede 
fiir sich ausserhalb des Korpers in Reagenzglaser untersucht werden 
konnen, was sonst betreffs antropologisch verwendeten Zahlen seltcn 
oder nie moglich ist. Obwohl das Milieu fur die Pflanzen, Tiere und 
Menschen in quantitativer Hinsicht sicherlich von grosster Bedeutung 
ist, schliesst diese Tatsache natiirlich nicht jedes Vorkommen einer 
Vererbung der serologischen Quantitaten aus. 


Man kann noch einen anderen Weg zur Beleuchtung der Vererbung 
der Titer versuchen. Man kann die Titerstarke der El tern mit derjeni- 
gen der Kinder ohne Riicksicht auf die Genotypen vergleichen. Dazu 
muss aber auch ein ziemlich grosses Material gesammelt und der quan- 
titative Unterschied zwischen Alten und Jungen beriicksichtig werden. 

Die Reaktionsstarke der Sera nimmt ja, wie gesagt, in hoheren 
Alter ab. Die Sera von Eltern und Kindern sind somit nicht direkt mit- 
einander zu vergleichen. In Finnland hat K. 0. Rcnlconcri aus unseiem 
Institut ein kleines Familienmaterial dieser Art veroffentlicht und da- 
bei Zahlen erhalten, welche seines Erachtens fiir eine Hereditat der 
Titer zu sprechen scheinen. 

Zusammen mit Dr. M. Tuomioja-) habe ich die agglutinierende 
Starke der Sera der Eltern und Kinder von 32 Familien untersucht. 
In 29 Familien, wo die Eltern A- und A- oder A- and O- oder beide 


1) Mit steigendem Alter sinkt zwar bei Erwachsenen die agglutinierende 
Starke allmahlicli aber in antropologischem Alter weniger, 

=) Die Arbeit wird ausfuhrlich m Ann. med. exp. et biol. Fenniae er 

scheinen. 
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0-Personen waren, wurde die Starke aller /5-Aggliitinine aiislitriert. In 
7 Fainilien, wo die Eltern B- und B- oder B- und O- Oder beide 0-Per- 
soncn waren, wurde die Starke dcr a-Agglutinine festgestellt. Die O 
Fainilien waren vier und in bciden Serien dieselben. Die Titrierungen 
der Agglutinine wurde innerhalb den Faniilien hauptsachlich mit den- 
selben Blutkorperchen ausgefiilirt. Wo melirere Titrierungen mit meh- 
reren Blutkorperchen ausgefiihrt wurden, wurden die Mittelwertc aus- 
gerccbnet. Die Resultate sind in der Tabelle XVI zusammengestellt. 


Tabcllc XVI. 

A- und 0-Scra mit B-Blulkorperchen austitriert. 




1 

1 Anz.'tlil 
<llT 

1-aniilien 

der 1 

1 KUorn i 

der , dcr 
Kinder j Kinder 

! Anzalil ' 
rler ' 
ll'nmilii'n 

Afindu*. j Arizahl 
der [ der 
Kllern , Kinder 

! .MitlcUv. 
der 

j Kinder 



Mutter 


.la// li 


Miitter 




1/2 - 

1/23 



1/24 — 1/256 


Yater 

1/2 

- 1/23 

1-1 

8.8 

-15 50.0 

0 

19.4 24 

34.1 

j 

1/2-1 

- l/2oC 

1 

17.2 

5 45.0 

5 

45.4 13 

93.8 






Anti A 






B- und 0-Scra uiit 

A-Blutkorperchen aiistritiert 


1 

1/2 

- 1/23 

1 

16.0 

2 48.0 

3 

23.3 7 

45.3 

> 

1/24 

- 1/256 




3 

65 3 9 

87.1 


Alls der Tabcllc XVI isl crsichtlich, dass sowohl betrcffs a als P 
die grdsstcn Mittelwertc bci den Kindcrn dort wo die Mittclwerte der 
Eltern die grbsslen waren, gcfunden wurden. In cinzclnen Fainilien 
und bei cinzcincn Kindcrn wurden Abweichungen von diescr Rcgel no- 
ticrl. Man kann soinit nicht auf Grund dieser nur circa 30 Familicn 
iimfasscndcn und tcilwcise uutcr sich abwcichenden Resultate irgend- 
wclchc cndgiillige Schliisse zichen. Dock sprechen unserc Resultate in 
dicselbe Ricbtung wic die von Dahr, K. O. Renkonen u. a. gefundenen. 
Die Tatsache, dass die Starke der Aggtulinalionsrcaktion vom Alter des 
Untcrsucliten teilweise abhiingig isl crschwcrt dock das Bcurleilen dcr 
Resultate. 


S chi ass f olffcni a ge a : 

Die Frage der Konstanz dcr isoagglulinatorischen Quanlitaten ist 
nock nicht als geldsl zu bctrachlcn. Dock kann man innerhalb der 
ypengruppen, geniigcnd grosses Material und analoges Ablcsen der 
Rcsullalc vorausgeselzl, von ciner rclalivcn Konstanz betrcffs der il/i7- 
e wcTlc dcrselben sprechen. Die Vcrhallniszablen dcr Mittclwerte der 

THpp D anti A , . , , .. . 

0 anti B imabhangig von der Ablcsungsgrcnze noch 

mehr konstanl zu scin. Material I. 

Die Empfindlickkcil der Blutkorperchen innerhalb dcr Blutgruppen 
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A und B scheinen bei Erwachsenen (20—50 Jahrigen) in derselben 
Population viel weniger variieren als die Starke der Sera (Material II, 
Alchtverwandte) . 

Die Empfindlichkeit der B-BIutkorperchen war bei den Verwandten 
und auch bei Nichtverwandten Personen dieselbe in etwa 95 % in dem 
Pleinen Familienmaterial III. 

Die Empfindlichkeit der A^- und Aj-Blutkorperchen war verscliie- 
den, aber innerhalb der Typengruppe variierten die und A^-Blut- 
kdrperchen unter sich auch wenig. Bei Nichtverwandten Personen 
konnten doch Unterschiede betreffs der Empfindlichkeit der A,- und 
A„-Blutk6rperchen auch innerhalb der Typengruppen nachgewiesen 
werden. Vorausgesetzt dass die Fehlergrenze iy 2 Stufe mit unserer 
Technik entspricht, war eine Ahnlichkeit innerhalb der Aj-Gruppe bei 
den Verwandten Eltern-Kinder in etwa 95 % und bei Nichtverwandten 
in 83,9 % vorhanden (Material III). 

Ungeachtet dieser Andeutung zur Hereditat ist es nicht mit unserer 
Technik und kleinen Familienmaterial gelungen, eine Hereditat der 
Empfindlichkeit der Blutkorperchen erwachsener Individuen inner- 
halb den Blutgruppen Aj, A^ und B sicher festzustellen. 

Mit Hilfe der Familienforschung scheint dagegen eine gewisse He- 
reditat der agglutihierenden Starke der Sera festgestellt werden zu kon- 
nen. Unser Material ist aber doch zu klein, um endgultige Schliisse zu 
erlauben. 

Unsere Versuche bestatigen nicht die Theorie von Fumhata be- 
treffs der Isoagglutinine als genetisch gekoppelte Genpaare. Die Resul- 
tate stimmen bis jetzt aber mit der Theorie der von den Genen A und 
B unabhangigen a- und )?-Agglutinine des normalen Serums {Bern- 
stein) besser iiberein. Die a- und /3-Agglutinine werden wahrscheinlich 
von zwei von einander unabhangigen Genpaare aa und /?y?, welche 
auch nicht mit den die Bluttypen A, B und O regulierenden Gene ge- 
koppelt sind, reguliert. 
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WS DEM STAATLICHEN INSTITUT FUR FORENSISCHE CHEMIE, 
STOCKHOLM. VORSTAND: PROFESSOR DR. ERIK WOLFF 


EIN EIGENARTIGER, FAMILIARER TYPUS VON 
EXTREM SCHWACHEM A.-FAICTOR. »A„« 

Von Bciifit Joii.tson und Kristidn Fast. 

(Eingegangcn bei dor nedaklion am 12. Marz 19i8.) 

Bci im Jahre 1940 fiir niilitarischc Zweckc vorgcnommenen Blul- 
gruppenbcslinimiingcn fanden Avir cine Probe von cirier Person S. Sch., 
welchc bci gewdlinlicher Roulineunlcrsuchung der Blutkdrperchen als 
0-Gruppe, bci der Scrunikonlrollc jcdoch als A-Gruppe reagierle, d. b. 
einc Starke Agglutination mil B-Btulkorperchcn, aber keinc Agglutina- 
tion mil Aj- und Aj-Blulkorpcrchcn gab. 

In dem Glaiiben, dass bier cine 0-Blulprobe mil a-Hiimolysin 
das Agglulinationshemmung gab, vorlag, was die gewobnlichstc 
Ursacbe dor eben angcgcbcncn Abwcichung isl, nabmen wir eine In- 
aktivierung des Serums vor. Das Unlersucbungsresultat war aber das- 
sclbe, Bei Absorplionsversuchen mil den Blutkorpercben von S. Scb. 
konnten wir aber eine deutlicbe obgleicb scbwacbe spezifisebe Absorp- 
tion des a-Agglulinins aus B-Scren nacbweisen. Hicr lag folglicb ein 
Fall von ausserordcnllich schwacb entwickellcn A-Rczcptor vor. 

Aus dicsem Anlasse wurden Blulproben von den niicbsten Verwand- 
Icn S. Scb:s (Muller, Valer und Bruder) angcforderl. Bci der Unter- 
suebung erwics sicb der Valor (G. Sch.) als ein gcwobnlicbes 0-In- 
dividuum wahrend die Muller (L. Sch.) und der Bruder (A. Sch.) 
derselben »scbwacben« A-Grup])e wie S. Scb. angeborlen. 

Die Absorplionsverballnisse geben aus den Tabcllen I, II, und III 
licrvor. 

Die rolen Blulkorpercbcn sowobl bci L. Scb. als bei A. Scb. und 
S. Sch. zeigen folglicb cine ganz dcullicbe, wenn aucb scbwacbe, spe- 
zifisclie Absorption des a-Agglulinins. Wir kominen spater auf die Ab- 
sorplionsverballnissen zuriick. Der A-Cbarakler der Blulproben niusste 
iiulcsscn als ganz sicbcrgestelll gcltcn. 
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Tabell I. 


Titer gegen Ai-Blkp. ("B. J.) B-Misch- 
serum (mil.) abs. niit 1 / 2 - Vol. Blkp. 


Titer gegen A 2 -Blkp. (N-n) B-Misch- 


c 

0, Sell. 

L. Sell. 

S. Sell. 

O-Gruppe 
A. .l-n. 

CJ 

0. Sch. 

h. Sch. 

S. .Sch. 

O-Griippe 
A. ,I-n. 

1:2 

+++(+) 

+4-+(+) 

4-++(+) 

+++(+) 

1:2 

+++(+) 

4-++(+)i+++ 

4-++{+) 

1:4 

+++(+) 

+++(+) 

+++(+) 

+++(+) 

1:4 

4-++(+) 

4 — 1 — h 

i4-+(+) 

4-++(+) 

1:8 

+++(+) 

+++(+) 

+++(+)!+++(+) 

1:8 

+++ 

+(+) 

++ 

+++ 

1:16 

4 — h+(+) 

+++(+) 

+++ 

4-++(+) 

1:16 

++(4-) 

+ 

' 4 - 

++(+) 

1:32 

4 — !“(+) 

++(+) 

++(+) 

4-+(+) 

1:32 

+(+) 

_ 

_ 

+ 

1:32 

~i — h 

+ 

+(+) 

+(+) 

1:64 

4- 

— 

! _ 

1 

1 

— 

Titer gegen Ai-Blkp. 

(B. J.) B-Misch- 

Titer gegen Aa-Blkp. (N-n) B-Miscli- 

serum (mu.) abs. nut 1/1 Vol. Blkp. 


serum (mil.) abs. mit 1/1 Vol 

Blkp. 


0 . Sell. 

L. Sch. 

S. Sell. 

O-Gnippe 

t i 

0. Sch. 

L. Sch. 

S. Sch. 

O-Gruppe 





A. .I-n. 

> ! 




A. .I-n. 

1:2 

4 — 1 — 1-(+) 

+++(+) 

4 — 1 — !"(+) 

+++(+) 

1 

1:2 1 

+++(+)|++{+) 

4 — 1 — h |4 — 1 — [-(+) 

1:4 

+++(+) 

+++(+) 

4 — 1 — ['(+)! 

+++(+) 

1:4 iH — 1 — h(-(-)i+ + 

4 — 1~(+) '4 — 1 — 1-(+) 

1:8 

+++(+) 

+++(+) 

+++(+)| + + +(+) 

1:8 <++4- 1+ 

+ 

4 — 1 — h 

1:16 

4 — 1 — h 

+++ 

4-++ 1 

+++(+) 

l;16|++(4-) 

— 

(+) ,++(+) 

1:32 

+4-+ 

+(+) 

++(+) i4-+(+) 

l:32:+(+) j 

— 

- ;+(+) 

1:64 

4-+(+) j 

(+) 

+ i++ 

1:64! 

— 



— 

Titer gegen Ai-Blkp. (B. J.) B-Misch- 

Titer gegen As-Blkp. (N-n) B-Miscli- 

seruip (mil.) abs. mit 2 Vol. Blkp. 

serum (mil.) abs. mit 2 Vol. 

Bllqi. 

V 

> 1 

J 

0 . Sell. 

L. Sch. 

. 

S. Sch. 1 

0-Gruppc 
A. .l-n. 


0. Sch. 

I.. Sch. 

S. Sch. 

O-Gruppe 
A. .I-n. 


1:2 '-j — j — f-(+)jH — I — h(+)i j-l I t'(+) 

1:4 !+++(+)H-++(+)i ;+++(+) 

1:8 !+++(+)'+++ j+++(+) 

1:16 1+++ ++(+) : :+++(+) 

l: 32 i++(+) +(+) j ;++(+) 

1:64 i+(+) !++ 


1:2 !+++(+)j++ 
1:4 IH — I — f- -f- 

1:8 H — k(+) - 

1:16!++ 

1:32!+ , 

l:64i - I 


H — I — h(+) 
'4 — h+(+) 
++ + 
++(+) 
+(+) 


Bei den Agglutinationsversuchen mit den Blutkorperchen von die- 
sen drei Personen und verschiedenen B-Seren, deren Titer gegen Aj- 
Blutkorperclien bis 1/256, gegen A^-Blutkorperchen 1/64 und gegen 
A3-Blutk6rperchen 1/16—1/32 betrug, und mit einem 0-serum, des- 
sen Titer nach Reinigung mit B-Blutkorperchen gegen Aj-BIutkorper- 
chen 1/128—1/256, gegen A^-Blutkorpercben 1/128 und gegen A„B- 
Blutkdrperchen lJ6h betrug, wurde gar keine Agglutination erhalten, 
gleichgiiltig Ob die Versuche in Zimmertemperatur odor m der Kallc 
( + 4“ C) ausgefiihrt wurden. 
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v: 

+ + + V ' ' ' 

+ + + ± 



<»o 

"o 

v: 

i 

+ + 111 

4- -i- ^ ^ 

+ 4 - ± ± 


1 1 1 1 1 

“ 1 — 1 ~ 

►V C 

u 

c-.Si 

/-s 

CJ -A 

“o 

v: 

■y 

i ^ 

+ ± III 

+ + + _^ 


1 1 1 1 1 

4 — H 

tx • 

O ^ 

tx^ 


1 1 1 1 I 1 1 


1 1 1 1 1 1 1 

Titer 

B-Senim 


±+± ' ‘ ' ' 

+ + + 


^ 1 1 1 1 1 

4- 4- 



± ± ± ± 

+ H — f- + 1 

H — I — 1 — f- + 

+ + + + + -f 


± ± - 
_l_ 4 . 4. + I 

4- 4- + + ± ' 

+ 4“ + + + 


*u 

\r. 

+ + + 

+ + + + ± 

+ + + + + + 
+++++++ 



Titer gegen Ai-Blkp. (B. .1.) 
B-Serum (M. .[.) absorbiert mit Blk)). 

V 

•X. 

■)“ + + ^ 

T + + + + 1 

+ + + + 4" + 

+ + + + + + 


+ + 

+ + 4- 4- ! 

4-4-4-4-4- 
4- 4- 4- 4- 4- 4- 

” ’X. 

±±± - 
+ + + + i 

+ + + + + + •7' 
+++++++ 


± ± ± 

4 — f- 4 — 1 - 1 1 

+ 4-4-4-4- 
+ + + + + 


± ± T 

+ + i 1 

+ + + + 72 1 


+ + _ 

+ + i 72 1 1 

+ + + ± T 

+ + + 4- ± 

^.*5 

r. 

+ + + ^ 

+ + + ± - 

+ + + + + ± 7^ 

+ + -f- + + 4- ± 


+ + 

4 — h + + 1 

+ + + + + ^ ' 

4- -f -j- -j- 4- ^ 



4“ 4- + 4- 4" 4- 4" 

H 1 — i — 1 — 1 — I — I- 


+ + + + _ 

+ + + + + i 

4 — I — ! — 1 — I — h 7 " 

4 — i- 4 — 1 — i — f- + 

Ahsorp 
tion mt 

[c 2- 

^ — 

M ^ 

to c<l -i* 

^ 01 ^ CO 1-1 CO to 

i 

- ^ cc S a 
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Ao-Blkp. B-Serum 



o 

(A..r.) 

A.B 

(Sv.) 

.S. .Sell. 

o 

(A..!.) 

A.R 

(Sv.) 

11 ' . Ullvp. 

S. Sell. 

1:1 

+++(+) 

+++(+) 

+++(+) 

+++(+) 

+++ 

H — 1 — hlF) 

2 ^ 

+++(+) 

+++(+) 

+++(+) 

+++(+) 

+(+) 

H — 1 — !-(-)-) 

4 

+++(+) 

+++(+) 

+++(+) 

+++(+) 

(+) 

+++ 

8 

+++(+) 

+++(+) 

+++(+) 

+++ 



“1 — h 

16 

+++(+) 

+++(-H 

+++(+) 

+ + + 



1 

i 

32 

+++(+) 

+++ 

+++ 

+(+) 

1 

(+) 

64 

+++(+) 

++ 

+++ 

(+) j 

1 


128 

+ 

— 

++ 




_ 

256 

(+) 

— 

— 

— 

— 

— 


Die Blutkorperchen der drei Personen gaben dagegen mit diesen 
B-Seren und mit diesem 0-Serum (aber nicht mit A-Seren) eine mehr 
Oder weniger sparliche Bildung von kurzen typischen GeldroUen (mei- 
stens nur bis 5 — 6 Blutkorperchen in den GeldroUen). Diese Geld- 
rollenbildung zeigte keine Sichere Zunahme in der Kalte ( + 4® C) und 
war nicht nachweisbar starker in Seren mit hoherem Titer. Schon in 
Serumsverdvinnung 1 ; 2 war die Geldrollenbildung vollig oder fast 
vollig aufgehohen. 

Mit animalischen aj-Serum (anti 0-haltigen Aalseren) gaben die 
Blutkorperchen der drei Personen starke Agglutination von demselben 
Stark egrad wie Stand ard-O-Blutkorperchen. 

Die Seren der drei Personen gaben mit B-Blutkorperchen starke 
Agglutinationen (Titer 1/16 — 1/32) aber mit Aj-Blutkorperchen gar 
keine Agglutination (auch nicht in der Kalte). Mit Aj-Blutkorperchen 
wurden wechselnde Resultate erhalten, bei einigen Untersuchungsgele- 
genheiten trat eine schwache Agglutination schon in Zimmertempera- 
tur hervor, welche in der Kalte starker wurde, bei anderen Gelegen- 
heiten trat eine schwache Reaktion nur in der Kalte hervor und bei 
wieder anderen Gelegenheiten konnte gar keine Agglutination, auch 
nicht in der Kalte, erhalten werden. Es gab folglich bei den drei Per- 
sonen ein inkonstantes von Kalteagglutinincharakter. 

Untersuchung auf das Vorkommen von A-Substantz im Speichel 
der drei Personen fiel ganz negativ aus. 

In der Literatur sind friiher eine Anzahl von verschiedenen A- 
Faktortypen noch schwacher als A, beschrieben. 

Die eingehendsten Untersuchungen iiber die schwachen A-Typcii 
sind von Gammelgaard (1), der auch das bisher beste System fiir ihre 
Differenzierung und Benennung angegeben hat, veroffentlicht. 
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Wir verwenden in. folgenden, wo nichl ausdrucklich anders ange- 
geben, die Nomenklatur Gammelgaards. 

Bei eineni Vergleich zwischen den von Gammelgaard angegebencn 
Kriterien der scliwaclien A-Subgruppen und den von uns bei den 
drei A-Mitgliedern dor Familie Sch. gefundenen Verhaltnissen fin- 
dct man keine vollstiindige Identitat. Wir haben uns daher genotigl 
geselien, den bei der Familie Scb. gefundenen A-Typus als eine be- 
sondere Subgruppe, vorliiufig A^ genannt, aufzuslellen. 

In Tabelle IV findet man einen Vergleich zwischen ein Blutgrup- 
penschema Gammelgaards und den von uns mit A^ gewonnenen Unter- 
suchungsergebnissen. 

Aus Tab. IV gehl unmittelbar hervor, dass »Ag« in vielen Bezic- 
liungen ganz wesentlicb von Typus A, und Tj'pus As abweicht. A^, 


Tabcll IV. 


Gammelgaards Unlcr-Grappenschcma 


Kigene L’nter- 
siichiingsrcsiiltate 


a)Zicmlich schwa- j Iso-Sercn i .Vocli scliwacbere Keine oderganz 

die Agglulin. jschwachc .\gg - 1 .\gglnlin. mil Iso- 1 geringe Agglii- 
in alien Iso- i liilin. mil klei- Seren als .G, aber ! tin.in Iso-Scren 

Seren. Yiele j non Agglulina- ! derselbc Typ (also i (ungelar wic 

nichl so kleine, { len, aber keine nichl A.i Typ). AsB)- 
aber ziemlich nichl agglali- ■ 

zartc Agglu- nierlc Blkp. 
linale und viele I 

vollstandig Titer unerheb- Titer einige Slufcn Tiler 0. 
nichtagglulini- lich scliwachcr i niedriger als Aj. ■' 
erle Blkp. Tiler als AjB. I 

etwas holier als i ' 

AoB. 1 


b) Absorp.-Fjihig- 
keil nfiher A-> 
als AoB. 


.Absorj). Ffibig- 
I keit elwas 


.\bsor|). I'fihigkcil , .\bsor]). ITibig- 
besonders , keil fehlt wic 


j sclnvfichcr als * schwacli, bcdcii- liei 0-Blkp. 
I .AoB. I lend schwacher 

, als AAi. 


t) Kein kj im Se- Nichl sellcn «i j Oft im .Scrum, 
ini .Scrum | bisweilon sognr 
I scliwaclic Agglii- 
I tin. mil .Ao-Blkji. 

I) Starke Agglu- Starke AggUi- Starke .Agglulin. 

<in- mit anli-0. tin. mil anti-0. mil anti-0. 

^ A.-Suhslan7. A-Subslanz gav 

'as sclnyacher sehr sclnvacli nichl o<lcr kaum 

‘ peichel als im Speichel. nachwei.sbar im 
^ •' Speichel. 


; Kein ni im Se- 
j rum. Keine 
Agglulin. mit 
! Ao.Blkp. 


Keine Agglulin, 
mil anli-0. 

j A-Suhslanz 
I cbenso slark 
i wic bei Ai und 
lAo. 


Keine nachweis- 
bare Agglulin. in 
Iso-Seren, nur un- 
erhebliche Geld- 
rollcnbildiing. 


Tiler 0. 


Absorp. I'fihigkcil 
etwas schwacher 
als AoB, scheint 
moglichcrweise 
cGvas schwacher 
als Aj, aber sicher 
starker als Aj. 

«i komml vor im 
Serum, obwohl 
nichl konslant. 
Koine Beaktion 
mil A‘j-Blkp. 

Starke Agghitin. 
mit anti-0. 

A-Substanz nichl 
nachweisbar im 
Speichel. 
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ahnelt dagegen mehr, den Typen A, und A^, obgleich aucli hier er- 
nebliche Unterschiede bestehen. 

Der wichtigste Unterschied zwischen A^. und den Typen A., und A 
ist die extremschwache Agglutinabilitat, mit den zu unserer Verfiigung 
stehenden Isoseren vielleicht richtiger das Fehlen von Agglutinabilitat 
der Ag-Blutkorperchen. Im interessanten Gegensatz zu dieser extrein 
herabgesetzten Agglutinabilitat steht die Absorptionsfahigkeit, wclche 
sich eher derjenigen A^:s als A^:s nahert. 

Um die wesentliche Verschiedenheit der Agghitinabilitaten noch 
mehr zu beleuchten, kann folgendes angefiihrt werden: Eines von den 
Isoseren Gammelgaards zeigte einen Titer gegen A^B von 1/32, gcgen 
A^ von 1/16 und gegen Ag von 1/4, wahrend unsere Isoseren mit eincin 
Titer gegen AjB bis 1/64 dagegen gar keine Agglutination von A„-Blut- 
korperchen gaben. Leider haben wir nicht Gelegenheit gehabt die A^- 
Blutkorperchen mit Anti-A-Immunseren oder mit einer Hamolysebem- 
mungsmethode zu priifen. 

Von grossem theoretischen Interesse erscheint uns die schwacbc, 
aber deutliche, Tendentz der Ag-Blutkorperchen zur Geldrollenbildung 
in B- und 0-Seren, 

Alle diese Untersuchungsergebnisse machen, wie uns scheint, die 
Annahme einer besonderen A^-Gruppe erforderlich. Das Verhaltnis zwi- 
schen der verschwindenden Agglutinabilitat und dem leidlich beibchai- 
tenen Absorptionsvermogen u. a. veranlassen uns zur Aufstellung des 
folgenden theoretischen Schemas der Verwandtschafts- oder Entwick- 
lungsverhaltnisse innerhalb des A-Systems: 

/ A4 — A5 

Ai\ As — Ac 

Ax 

Eine direkte Identifizierung der, wie es scheint, teihveise mit Prio- 
ritat angebenen, provisorischen Gruppeneinteilung A,, A^ und A. 
Hirschfelds und Amzels (2) mit den Gleichgenannten Gruppen Gam- 
melgaards, kann nicht vorgenommen werden, aber die Benennungen 
dtirften doch wahi’scheinlich einander ungefahr entsprechen. Die von 
Hirschfeld und Amzel als A, beschriebenen Individuen haben jedoch 
wie es scheint vielleicht eincm etwas schwacher ausgesprochenen A- 
Charakter als der Typus A^ Gammelgaards. 

Unter den in der Schrift Gammelgaards nicht genannten Fallen 
von schwachen A-Gruppen findet man einige von Wiener und Silber- 
mann (3) und Moureau (5, 6) beschriebene Falle wahrscheinlich A,, 
und einige Falle von Sachs (4), wahrscheinlich A,. 

Das Vorkommen von A„ bei einer Mutter und ihren beiden Sohnen 
deutet auf eine erbliche Eigenschaft hin. Einen Schluss betreffs der 
Vererbungsweiss und der Dominanzverhaltnisse aus dieser einzigen 
kleinen Geschlechtstafel zu ziehen ware zwar verfruht, aber aller Wahr- 
scheinlichkeit nach liegt hier noch ein multipel alleles Gen innerhalb 
des A,A„BO-Systems vor. 
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BESTEHT KEINE INVISIBLE IMMUNISIERUNG UND 
PRAZESSION BEI POLIOMYELITIS? 

EIN BEITRAG ZUR FRAGE DER METHODIK 
BEI MORBIDITaTSUNTERSUCHUNGEN EPIDEMISCHER 

KRANKHEITEN 

Von With. Wernstedt. 

(Eingegangen bei der Redaktion am 12. Marz, 1948.) 

In seiner umfangreichen Studie, »On the problem of Poliomyelitis«, 
deren Schwerpunkt auf die obigen Fragen verlegt ist, gelangt Bertenius 
zu der Schlussfolgerung, dass es bei der Poliomyelitis keine invisible 
Immunisierung und durch diese bedingte Prazession gebe. Er vertritt 
den Standpunkt, die bei Poliomyelitisepidemien ganz allgemein kon- 
statierte hohere Morbiditat auf dem Lande gegeniiber den Stadten, 
sowie der Anstieg der Morbiditat in den jiingsten Altersklassen (Pra- 
zession) mit der Bevdlkerungsdichte seien anders zu erklaren als durch 
eine invisible Immunisierung. 

Bertenius sagt (S. lo5); y>Wernstedt’s studies (1917, 1939) of po- 
liomyelitis in Sweden during 1911 — 1913 may be said to have laid the 
grounds for the dominating view that in densely and sparsely po- 
pulated areas the poliomyelitis frequency is governed by the invisible 
immunization. In this connexion von Pfaundler (1928), de Rudder 
(1934), Pette (1936), Fanconi (1945) et al. all cite Wernstedt’s works 
and investigations, which have also received support from experimental 
research {Aijcock and Kramer (1930) on immunity among urban and 
rural populations to the poliomyelitis virus) as well as from the above- 
mentioned investigations of recent years in Sweden by Olin and Hei- 
nertz (1943, 1944). « 

Es gibt jedoch, so fahrt B. fort, eine Anzahl von Epidemien, wo 
die Poliomyelitis die soeben angefiihrte Morbiditatsverteilung vermis- 
sen lasst. Die Poliomyelitismorbiditat kann infolgedessen nicht unter 
dem Einfluss immunisatorischer Krafte stehen, denn eine Immunisie- 
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rung wiirde kaum irgcndwelche Ausnahmen gestatten. »It may tliere- 
fore,« lieisst es waiter (S. 161), »be of interest to resort to the original 
source of the general view concerning the effect of invisible immuniza- 
tion on the distribution of poliomyelitis in dense and sparse popula- 
tions, in urban and rural districts, viz. Wernstedt’s investigations 
(1917) of the epidemics in Sweden during 1911 — 1913, and to inquire 
more closely into the grounds on which the author supports himself 
in this problem. « 

Die von B. gegen die zitierten Untersuchungen vorgebrachte Kritik 
gipfelt darin, dass sie mil »misleading statistical methods« durch- 
gefiihrt seien, wodurch die Resultate unrichtig geworden waren. B. 
legt seiner Studie statistische Erliebungen iiber die Poliomyelitis aus 
der ganzen zivilisierten Welt zugrunde. Das Untersuchungsmaterial ist 
mithin von imposanten Umfang. Unter diesen Umstanden, und da die 
Frage der Methodik bei den bier crorterten immunologischen iNIorbi- 
ditiitsuntersuchungcn gewiss eine allgemeine und grundlegendc Be- 
dcutung fiir das Studium jcder cpidcmischen Krankheit besitzt, ist es 
selbslverstandlich iiberaus wichtig, dass diese Frage eine eingehcndere 
Durclipriifung erfiihrt als ihr bisher zuteil geworden ist. 

Da es sich bei Untersuchungen dieser Art nicht um eine gewohn- 
liche einfachc Krankheitsstatistik handelt, sondern um eine statisti- 
sche Erfassung der hiologischcn Reaktionen, die durch Kontakt mit 
dem epidemischen Anstcckungsagens ausgelost werden, sollten selbst- 
redcnd keine andcrcn Personen den Gegcnstand der statistischen Be- 
arbeitung bildcn als solche, bei dcnen ein dcrartiger Kontakt statt- 
gefundnc hat. Die Vcrwirklichung dieses Postulats liegt aber jenseits 
der Grenzen des Moglichcn. Es blcibt daher nur das Bestreben iibrig, 
jenem Ideal so nahe zu konimen wie irgend moglich, um auf diese 
Wcise die Fehlcrqucllcn im Schach zu halten, die in der Einbeziehung 
derjenigen Personen in die Statistik liegen, welche mit dem anstecken- 
den Agens nicht in Beriihrung gckommen waren. 

Gewohnlich hat man sich bei der Bearbeitung einscbliigiger Fra- 
gen des fiir die amtlichc Krankheitsstatistik bestimmten und hierbei 
auch zweekmassigen Verfahrens bedient, die Morbiditiit fiir die Bc- 
volkerung des ganzen Reiches zu bercchnen. Wiirde man aber bei einer 
Untersuchung, mit welchcr der bier vorliegende Zweek vcrfolgt wird, 
dieses Verfahren anwenden, dann wiirde man doch offensichtlich das 
Material mit der grossten Anzahl von dem ansteckenden Agens un- 
beriihrter Personen belasten — und damit mit der grossten Fehler- 
quelle in obiger Beziehung — wie es iiberhaupt in einem Lande mog- 
lich ist. Hierdurch wiirde eine richtige Ldsung jencr Frage hiologischcn 
Charakters (nicht von der Art der gewohnlichen Krankheitsstatistik) 
kaum zu erreichen sein. Nur ausnahmsweise, unter speziellen Bedin- 
gungen, kann man erwarten, dass eine derartige Methodc es den wirk- 
lichen immunologischen Vcrhiiltnissen gestatten wiirde, sich auf das 
Ergebnis auszuwirkcn. Was die Poliomyelitis anlangt, so ist dies z. B. 
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ann der Fall, wcnn es sich um ein so anhaltendcs und so allgemein 
c as gauze Land umfassendes Auftreten der Kranklieit handelt wie in 
den Jahren 1930—39 (s. unten), aus welcher Zeit des Material der 
Ohn-Heinertzschen Untersuchung voin Jalirc 1943 stammt. 

Die besagle Fehlerquelle nach Mdglichkeit auszumcrzen und da- 
durch die Methodik zu verscharfen diirfte aber nur so moglich sein, 
dass man ohne Riicksicht auf gcopolitische oder administrative Gren- 
zen die Epidemiegebiete als solche moglichst abzugrenzen sucht, und 
dass man sich bei dcr statislischen Bearbeitung lediglicb an die in 
derartigen Gebieten ansiissige Bcvolkerung halt. Audi diesem Ver- 
fahren haften naturgemiiss Fehler an, denn es gibt selbstverstandlich 
koine Mdglichkeit, die Epidemiegebiete so zu begrenzen, dass inner- 
halb dersclben nur vom Virus beriihrtc und ausserhalb ihrer nur be- 
riihrungsfreie Einwohner vorkommen. Einen anderen Weg, welcher 
niilier an die ideale Methode heranfiihrl, diirfte es jedoch nicht geben. 

Eine ahnliche Betrachtungsweise ist am Platze um soweit moglich 
I'^chlerqucllen hinsichtlich der Beziehungen zwischen Morbiditiit und 
Bevdlkerungsdichte zu vcrmeiden. Hierbei grundsatzlich Durchschnitts- 
wcrte fiir so grosse administrative Einbciten, wic z. B. in unserem 
Lande die Regierungsbezirke (»lan«), zu verwenden, ware eine zu 
grobe und foIgUch zu unzuverlassige Methode. Nur in Ausnahmcfallen 
und untcr bcsonderen Umstandcn, wic beispielswcise bei den von mir 
niit diesem Verfahren untersuchtenBczirksgruppen (naheres hieruber in 
raciner Arbeit vom Jahre 1924, S. 301 — 302), kann der wirkliche Ein- 
fluss der verschicdenen Bevdlkerungsdichte auf die Morbiditiit dann in 
der Statistik zum Vorschein kommen. Zu einem sichereren Resultat 
gelangt man indem man der Berechnung die in jedem Epidemiegebiel 
befindlichen kleineren, untercinander hinsichtlich dcr Bcvdlkcrungs- 
dichte verschicdenen Einheitcn zugrunde legt, z. B. die cinzelncn Ge- 
mcindcn, oder durch individuelle Sortierung der Fiillc nach Massgabe 
der an jedem Poliomyelitisort herrschenden Dichteverhiiltnisse. 

Die umfassendcn schwedischcn Epidemien 1911 — 13 and 1930 — 39, 
die beide Gegcnstand eingehender Unlersucbungen iiber die Morbiditiit 
gewesen sind, verdiencn zwcifelsohne besonderc Beachtung. Vergleiche 
derselben sind ferner geeignet, die in der Zwischenzeit erfoigtc Mor- 
biditiitsvcrschicbung in Richtung auf hohere Altcrsklassen klar er- 
sichtlich zu machen. Die beziiglich der Methodik wichtigsten Punktc 
werden dahcr im folgenden dargelegl werden. 

In hczug auf die Gesamtmorbiditiit fiir Stiidtc und offenes Land 
findet man bei Berechnung derselben an Hand dcr ganzcn Reichsbevol- 
kerung praktisch die gleiche Erkrankungszahl fur Stiidter und Landbc- 
wohner in der kiirzeren Periode 1911—13 (insgesamt 6778 Fiille). Was 
die Zehnjahrsperiode 1930—39 anlangt (in.sgcsamt 8288 Fiille), so er- 
gab dagegcn diese Bercchnungswcisc eine fast doppelt so hohe Mor- 
biditiit auf dem Lande gcgeniiber den Stiidlcn. Bei Zugrundclegung 
lediglicb dcr Epidemigebictsbewohncr fiir die Berechnung crwics sich 
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indessen die Morbidiliil auf dem Landc in den Jahren 1911 — 13 als 
3- bis 4mal so hoch wie in den SUidlen. Audi Olin-^Heinertz konnten 
bei Amvendung dieses Verfahrens eine erhebliche Vcrdcutlichung dcr 
bcreils bei Berechnnng fiir das Reichsgebiet gefundenen Differenz zwi- 
sclien Stadt und Land feslstellcn. Die Unlcrsuchiing, von der bier die 
Rede ist, bezog sich auf zwei grosserc Epidcmiegel)ietc wabrend der 
Epidemien von 1936 und 1938. Bei der einen Epideinie war die Mor- 
biditiit laut Refund dieser Auloren in den diinn besiedellen liindlichen 
Gegendcn do])pelt und in den am diinnslen bevdlkerten dreiinal so 
gross wie in Stadlen und sladlarligcn Gcmeinden. Bei der zweilcn Epi- 
demic betrug die Morbidiliil in den diinn besiedellen liindlichen Gegcn- 
den das Vierfachc, in den am diinnslen bevolkerten nichl weniger als 
das Zwolffachc von der in Stadlen und sladlarligcn Gcmeinden. 

Die vorslehcnden Beispicic erscheinen geeignet, die Moglicbkeilcn 
der bciden Unlcrsuchungsmelboden ins rccblc Licht zu selzcn, indem 
man mil epidcmiologischen stall adniinistmiwen Gebieten rechncl, be- 
wirkt man, dass crwarlungsgemiiss die biolofjischen Reaklioncn zwi- 
seben dem Virus und dcr von ihm bcriihrlen Bcvolkcrung iii dcr Sta- 
tislik eber zuin Ausdruck gcbracbl werden. 

Was die Morbidiliil in vcrschicdencn Allcrsklasscn und ihre Bczic- 
lumg ziir Bcvdlkcrungsdicblc betriffl, konntc bei Bearbeilung dcr Epi- 
demicn auf dem Lande 1911 — 13 koine direklc Berechnung and Hand 
der Bcvolkerung erfolgcn, da die hierzu crfordcrlichcn slalistiscbcn 
Unterlagen dainals noch ausslanden. Infolgcdcsscn musslcn die Bc- 
rechnimgcn ausscblicsslicli auf dem Poliomyelitismalcrial fussen, wel- 
ches nach Einlragung der Fallzahlen in eine Landkarte nach der Topo- 
graphic derselbcn in 4 verschiedene Besiedlungskategorien, »dunncst«, 
»dunn«, »dicbl« und »dichlcsl« bcvolkerle Landstriche, eingcteill 
wurdc (s. bcigcfiigle Abb. 1 und 2, die graphisebe Darstcllungcn von 
Tabcllc XVIII in der Vcroffenllichung vom Jahre 192-1 sind). Dieses 



Abb. I. 

Uas Morbidifelsprozciii im Alter von 0-.) .laliren am Landc dcr ver.scliicdouen 
kegierungsbozirke (»lan<i) auft retender l^arescfallo dei- Epidemic ISJll — 1913 
in Sebweden fnacli Wcnistcdt). 

= dielitesl, dichl, dunnest, 

= dfmn bevolkertcs Land. 
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Diis Morbiditetsprozent im Alter von 6 Jahren und dariiber am Lando der 
verschiedenen Regierungsbezirke (»lan«) auftretender Paresefalle der Epide- 
mie 1911—1913 in Scinveden (nach Wcrnstedt). 

= dichtest, = dicht, = dunnest, 

- diinn bevolkerles Land. 

Verfahl'cn hattc den Vorteil der ganzlichen Befreiung von alien melir 
Oder minder unexakten Abgrenzungsversuchen sowohl der Epidemie- 
wie der Diclitegebiete, und damit der Vermeidung einmal der Einbe- 
ziehung in die Statistik der vom Virus unberiihrten Bevolkerung, so- 
dann der Fehlplacierung, die dadurch zustande kommt, dass begrenzlc 
Gebiete mit bekannter Durchschnittsdichte (z. B. Kirchspiele) in Wirk- 
lichkeit oft ein Gemisch von inehreren untereinander verschiedenen lo- 
kalen Dichtegebieten sind. 

Olin-Heinertz konnten Iiingegen auf Grund der damals bereits vor- 
liegenden amtlichen Statistik fiber die Verteilung der Landbevolkerung 
auf 4 verschiedene Dichtegruppen (A- bis D-Gemeinden) die Morbi- 
ditat in diesen Gemeinden fiir die einzelnen Altersklassen direkt be- 
rechnen. Da ihre Resultate durchweg mit denen von 1911 — 13 iiber- 
einstimmen, ohne jedoch die gleiche Scharfe aufzuweisen, diirfte viel- 
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Ahh. 3. 

Die Kurvcn zeigen die Altersmorbiditat der Paresefalle von 1911 1913 in 
Schweden unter vei’scbiedenen Konfakfmdglicbkeiten. Diese sind am grossten 
in don Grossstadten und am kleinsten in dem dunnest (sebr sparlicb) bevol- 
kerten Land (nach Wcrnstedt). 

_ Q _5 Jahre, 6 lahre und danlbcr. 
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leicht die ausschliesslich mil dem Poliomyelitismaterial arbeitende Me- 
thode die sichersten Ergebnisse liefern. 

Die gewonnenen Erfahrungen werden durch die beigefiigten Kur- 
ven im einzelnen veranschaulicht. Wir sehen (Abb. 3) in bezug auf 
die Epidemiejahre 1911 — 13 (Wernstedt), wie die Morbiditat in der 
jiingeren Altersgruppe (0 — 5 Jahre) von einem Minimum in den am 



Abb. 

Morbiditat der verschiedenen Altersklasse fur die Landgemeinden A— D und 
fiir die Stadte bei den Polioms^elitisepidemien in Scliweden 1930—1939. Jfihr- 
liclier Mittehvert auf 100,000 Einwolmcr (nach Olhi-Heinertz). 

diinnstcn besicdelten Landbezirken stclig ansteigt, urn in den Gross- 
sliidten zu kulminieren. Die enlsprechende Registrierung fiir die jung- 
ste AUersgruppe (0 — 4 Jahre) aus der Periode 1930 — 39 {Olin-Hei- 
nertz) macht, wie aus Abb. 4 hervorgeht, einen im grossen und ganzen 
filinlichen Verlauf ersichtlich. So ist die Morbiditat auch bier in den 
am dunnsten besiedelten Landbezirken (A) am niedrigsten und in den 
Stadten (St) am hdchsten. Was die hoheren Altersstufen angeht, so 
sind diese nicht wie in der Wernsiedtschen Untersuchung in einer 
Gruppe zusammengefasst sondern auf mehrere verteilt. Jede hohere 
Altersgruppe (die Altersgruppen 5 — 14 Jahre noch nicht ganz regel- 
massig) zeigt indessen den fiir die hohere Altersgruppe in der Wern- 
.9/ed/schen Kurve charakteristischen Riickgang der Morbiditat mit stei- 
gender Bevolkerungsdichte. Die Kurven von Olin-Heinertz (Abb. 4), 
verglichen mit derjenigen in Abb. 5 fiir die Epidemic 1911 — 13, machen 
iiberdies klar ersichtlich, dass seit dieser Epidemic in unserem Lande 
eine Verschiebung der Morbiditat in Richtung auf hohere Altersstufen 
stattgefunden hat. 

Aus den Untersuchungen gehl mithin eindeutig hervor, dass es 
eine Prazession bei der Poliomyelitis gibt. Bertenius hat sich grosse 
Miihe gegeben, das Gegenteil zu beweisen. Seine Beweisfiihrung krankt 
daran, dass B. zwdschen Prazession und der soeben besprochenen all- 
gemeinen Altersverschiebung der Morbiditat nicht scharf unterschei- 
det. Um seine Anschauung zu stiitzen, verweist B. ferner auf eine Zu- 
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samnicnstellung von Infektionskrankheiten, die nur zuin Teil wie die 
Poliomyelitis akute, spezifische, epidemische und immunisierende Er- 
krankiingen sind. Der Rest besteht aus teihveise chronischen, teihveisc 
nichl epidemischen, teihveise nicht spezifischen und teihveise nicht 
imniunisierenden Infektionen. Es ist dies folglicli ein Material, das 
sich zn Vergleichen init der Poliomyelitis wenig eignet. Die Schluss- 



Abb. o. 

Morbiditiit der verschiedenen Altcrsklasscn per Pro/.ent sammtliclier Parose- 
falle der schwedischen Poliomyelifisepidemie 1911 — 1913 (nach Wernstedt). 

= SUidte, = Land. 

folgerung ist (S. 151) »that poliomyelitis is a disease which significant- 
ly differs from the 17 other infectious diseases represented here. All 
of these have been found to follow the laws of the precession of 
thorough immunization. « 

Mcrkw'iirdigerweise stellt man jedoch in den Tahellen fest, dass 
ehen jene Krankheiten, welche wde Masern, Scharlach und Diphtherie 
hei einem Vergleich mit der Poliomyelitis am wichtigsten sind, den- 
selhen Charakter (keine Prazession) aufweisen wie letztere. B. ineinl 
indessen diese Tatsache mit der Bemerkung aus der Welt schaffen zu 
konnen, dass sie durch »the prophylactic therapeutic and hygienic 
measures at the disposal of urban and rural districts during these 
years« (S. 123) hedingt sei — eine Behauptung, deren Berechtignng 
erst einmal bewiesen werden soli ! 

»The deficiencies of the immunity or possibly its complete absence,'^; 
sagt B weiter (S. 192), »is also illustrated by the significant displace- 
ment towards higher ages,« welches seit der Epidemic 1911 13 stalt- 

gehabt hat. Auf den ersten Blick mag es vielleicht so scheinen. Hand 
in Hand mit dieser Altersverschiebung ist aber eine fiir die An- 
steckungsverbreitung iiusserst wichtige Veranderung in unseren Um- 
weltverhaltnissen vonstatten gegangen, die B. vollstandig ausser acht 
gelassen hat (diese Veranderung wird jedoch in meinen Untersuchun- 
gen vom Jahre 1939 crortert). Ich mcinc die revolutionierende Enl- 
wicklung unserer Verkehrsmittel scit 1911—13, die ebcnfalls immer 
zunchmendc »Flucht vom Lande« nach den Stiidten, und fernei c ic 
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iinmer mehr i’ortschreitendc Urbanisicrung der Landgemcindeii. Hier- 
durch ist die Einwobnerscliafl der Sladte seil einer Reihe von Jahrcn 
in crhcblichcm Umfang von Landbewohnern, namentlich solchen jn- 
gcndlichcn Alters Oder in mitlleren Lebensjahren, durcbdrungen wor- 
dcn. Infolge der ausserordenllicbcn Erwciterung der Verkehrsmdglich- 
kcilcn zwischcn Land nnd Sladt ist die Landbevolkerung ausserdem 
noch in niiheren Kontakt mit den Stadten gekoinmen, vind dadurcb 
wcscntlich grosseren Anstecknngsgcfabren ansgesctzt worden als nur 
cin paar Jabrzebnte friiher. Es diirfte auf der Hand liegen, dass diese 
Nivellicrung der Gegensiitze zwischen Stadt und Land sich kaum an- 
(icrs auswirken kann als in einem gewisscn Ausgleich der friiheren Di- 
vcrgcnzen in bezug auf die Altcrsinorbiditat der betreffenden Gruppcn. 
Die Vcrschiebiing der Polioinyclitisinorbiditat in Riebtung auf bobere 
Altcrsstufcn diirfte somit keineswegs gegen einc invisible Inimunisic- 
rung sprcchen, sondern im Gcgcntcil cin beachtenswerter Beleg fiir den 
Rostand derselben scin. Unter alien Umstanden darf die durchgreifende 
Veriinderung, die seit dem zweiten Jabrzebnt unseres Jabrbunderts in 
bezug auf die gegenscitige Beriibrung der Stadt- und Landbevolkerung 
vonstatten gegangen ist, bei einer vorurteilsfreien Diskussion iiber das 
veriinderte Auftreten der Poliomyelitis in Stadt und Land, in .iiingeren 
and boheren Altersstufcn, kcincsfalls ausser acht gelassen werden. 

Fiir das Bestehen dor iuvisiblen Immunisierung spricht noch cine 
ancicre, von B, cbcnfalls stillsclwcigcnd iibergangene Tatsachc — die 
Neigung der Poliomyelitis, nicht Jahr fiir Jahr in epidemischer Form 
in deinselbcn Gcbiet aufzutretcn, in dem sic wenige Jahre zuvor grosse 
Vcrhccrungcn angcrichtet battc. Ein Blick auf die von mir zusammen- 
gcslcllle Kartc iiber die Epidemiegebiete in unserem Lande wiihrend 
der Jahre 1905, 1911, 1912 und 1913 (s. Erg. d. inn. Med. u. Kindhk. 
1924, S. 349 — 350) diirfte auf rccht iiberzeugende Weisc Ichren, dass 
wir es hier uicht mit dem Spiel dcs Zufalls zu tun haben, sondern mit 
einer in immunisatorischen \’^crhaUnissen wurzclnden Gcsctztmassig- 
keit. 

Im Anschluss an die obigen Ausfiibrungcn moebte ich nocb einige 
spezielle Einwiinde von B. richtigstellcn. 

1. Gcgcn meinc .Angahe, class die liochste Morbidiliil, welclic in den grdssten 
I'.pidomicgehieten 1911 — 13 hoobachtet wurdo, die Landgcmeinden belr.af, wen- 
(let B folgoncles cin; Unter der Voraussetzung, dass diese Scbhissfolgerung 
»lias reference fo rural communes in goncra!« in den betreffenden Regierungs- 
liezirken, kann ein soldier Schluss nicht gozogen werden, da sich die Untcr- 
sucliung nur auf einen vorschwindend geringen Teil der Gemoinden in den 
gesagten Bcziiken boziehf. Etwa.s derartiges habe ich aber nichl vorausge- 
sefzt, lyovon sich jeclcr loicht iiberzeugen kann. B. stellt also einer unbostreit- 
baren Tatsacbe eine wirklichkeitsfremde Konstrukfion cnlgcgen. Dor wissen- 
schaftliclic Wort einer solchen Kritik is| gloich Xiill. Dassellie kdnnte man \'on 
non iibrigcn Punkten sagen. 

2. Meine Angabe, laid, welcher die Morbiditiit in Klcinstiidlen holier ist als 
in mittclgrossen Stiidten, und in letzteren holier als bei blpidcmieii in Gross- 
s aclton, soil nacb B. »slatistically unsupported« sein. Das angewandte Ver- 
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tahren, nur Stadte mit mindestens 20 Poliomyelitisfallen zu beriicksichtigen 
»must give highly- deceptive results«, da hierdurch nur die Halfte der mittel- 
grossen Stadte, und nicht einmal 10 % der Kleinstadte, von der Statistik er- 
fasst warden. B. unterlasst es aber, zu erwahnen, dass sich die diesbezugliche 
Untersuchung, wie ausdriicklich gesagt, nur auf Stadte erstreckte, in denen 
die Poliomyelitis eindeutig epidemisch auftrat. Um in dieser Beziehung mit 
■einem reichlichen Sicherheitsmarginal zu arbeiten, zog ich die Grenzc fur ein 
epidemisches Auftreten bei mindestens 20 Fallen. Audi in diesem Punktc ist 
■die Kritik folglich bloss einen Schlag in die Luft. 

3. Maine Angabe, dass die Morbiditat auf dem Lande in den 4 Regierungs- 
bezirken mit grosster Bevolkerungsdichte niedi'iger war als in 4 anderen 
■schwer heimgesuchten Bezirken mit geringerer Bevolkerungsdichte, und dass 
dies nicht dagegen spricht, dass in dicht besiedelten Gegenden eine niedri- 
gere, in dtinn hesiedelten eine hohere Morbiditat vorherrscht, sucht B. eben- 
falls damit abzufertigen, dass er die Erorterung auf eine andere Frage hin- 
lenkt. »If Wernstedt had calculated,® sagt B. (S. 164), »the paresis morbidity 
in the towns as well as in the four most densely populated Ians,« wiirde er 
gefunden hahen, dass die Morbiditat in den Stadten in den untersuchten Be- 
zirksgruppen dieselbe war wie auf dem Lande, was nach B. gegen die von 
mir verfochtene Ansicht sprechen soil. 

Was B. unter Zuhilfenahme einer umstandlichen, vollig auf der mangel- 
hafteren Untersuchungsmethodik fussenden Erhebung hierzu anfiihrt, kann 
■doch naturlich nicht die Tatsache umstossen, dass sich die Morbiditat auf 
dem Lande in den untersuchten Bezirksgruppen so verhalt wie von mir an- 
.gegehen, und dass dieses Faktum, wie ich behaupte, nicht mit der von mir 
verfochtenen Ansicht iiber die Beziehung zwischen Morbiditat und Bevol- 
Icerungsdichte in Widerspruch steht. 

Zusammenfassend diirfte zu sagen sein, 

1) dass invisible Immunisierung und Prdzession offenbar fiir die 
Poliomyelitis charakteristische Erscheinungen sind, 

2) dass die von Bertenius vorgebrachte Kritik als unhaltbar ab- 
zulehnen ist, und 

3) dass die Methodik, welche B. seinen Polioimjelitisstudien zii- 
grunde gelegt hat, viel zu grab ist, als dass sie in grosserem 
Umfang richtige Ergebnisse liefern konnte. 

Es kann nainlich nicht so sein, dass Aufklarungen iiber Riickwir- 
kungen des Poliomyelitisvirus auf die Bevolkerung am sichersten da- 
durch erhalten werden, dass in das Untersuchungsmaterial die grossl- 
mogliche Anzahl Personen einbezogen werden, die nicht mit dem Po- 
liomyelitisvirus in Beriihrung gekommen waren. Ebenso verfehit ist 
es, beim Studium der Bedeutung der Bevolkerungsdichte fiir die An- 
^teckungsverbreitung und Morbiditat mit ‘nivellierende Durchsnitts- 
werten fiir so grosse Verwaltungseinheiten wie Regierungsbezirke zu 
manipulieren statt mit Werten fiir kleinere, innerhalb dieser Gebietc 
differenzierte Einheiten, wie z. B. die einzelnen Landgemeinden. 
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ON THE PROBLEM OF POLIOMYELITIS 

Reply to Professor W. WernstedVs criticism. 

By Bertel S:son Berlenhis. 

(Received for publication March 12tli 1948.) 

The Editorial Management of Acta Pathologica et Microbiologica 
has kindly given me an opportunity of acquainting myself with Pro- 
fessor Wilhelm Wernstedt’s critical review of my work »On the 
Problem of Poliomyelitis«, and I am gratefully taking the opportunity 
to submit some comments and refutations of this criticism. 

Wernstedt’s view is of course correct that a statistical investigation 
dealing with the biological reaction between an epidemic virus and its 
human victims should so far as possible only take in those persons 
who have come into contact with the virus. However, the difficulties 
associated with this, as is also pointed out by Wernstedt, lie in ac- 
complishing this in practice without influence from too many sources 
of error. 

In his study of this problem during the great poliomyelitis years 
of 1911 — 1913 in Sw'eden, Wernstedt considered that he could attain 
the best results by confining himself exclusively to the areas ravaged 
by the disease and studying within these the morbidity in relation to 
the population within the smallest administrative units, the individual 
rural and municipal communities. According to Wernstedt, this fur- 
nished the best possible picture of the susceptibility to the disease in 
the localitjf in question and consequently of the immunitj' level. 

Closer consideration, however, shows that there are several ob- 
jections to be made against this method when such a disease as polio- 
myelitis is concerned. For instance, how can it he determined witb 
certainty which communities arc not infected? Since Wickman s 
investigation of the poliomyelitis epidemic of 1905 in Sweden il has 
been generally considered that the principal spreaders of the infection 
are not the manifest cases of paresis, which are estimated by o..i 
foremost authors not to amount to more than 1 ])er cent of the trans- 
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mitters but the abortive cases and healthy virus carriers, wl”ch ac- 
cordinely make up 99 per cent. With Wernstedt s view of the dis- 
semination of the disease by direct contact it is 

that all these potential spreaders of infection are only to he found n 
communities with manifest poliomyelitis cases. Nothing can suiej 
prevent them from moving freely to adjacent communities, and so 
on. We cannot therefore ignore the fact that many and probably a 
communities adjoining an »infcclcd« community arc to he regarded 
as infected areas. In such circumstances the relative morbidity m the 
individual communities, whether high or low, seems to be a chimera, 
for the only thing we know with certainty is tliat the risks of infec- 
tion arc not limited or restrained by the communal boundaries. Under 
such conditions it seems iin]iossihle lo define the c]ndcmic area with 
any exactness. 

Wernstedt’s method therefore seems lo me lo involve greater sour- 
ces of error than thal of estimating the morbidity in relation to the 
population within larger areas, c.g. a whole /n/i (county). This is 
cs])ccially true in times of cjiidcmics when all liins arc attacked. 

Therefore, when il can he .shown from Wernstedt’s material of 
paresis for the years 1911—1913 that the relative frciiucncy of this 
disease is as high in the, towns as in the rural (list rids of the four 
liins most attacked, this fact seems lo be of quite as great a significance 
for the ilhiminalion of the morbidity ri.sks and with them of the slate 
of immunity in densely and siiarsely populated areas as the fact 
established by Wcrnslcdl that the relative morbidity in llie rural 
districts in the four most ravaged liins was higher than in the rural 
districts in the four most densely crowded ones. Three of the former 
ones even belonged lo the densely populated half of the Swedish coun- 
ties. It is likewise remarkable that during the years 1911 — 1913 the 
four most densely and the four most thinly iiopulalcd liins show 
practically the same incidence of paresis, or 2.7 in the former and 2.9 
in the latter per 10,0(10 inhabitants and year, allhougli the population 
of the towns and iiojnilous localities form a considerably larger relative 
lu'oportion of the population in the former than in the latter. 

In my criticism of Wernsledl’s investigation of the risks of con- 
tracting poliomyelitis in large cities (above 100,000 inhabitants), 
medium-size cities (between 10,000 and 100,000 inhabitants) and small 
lo\yns and town-like communities (with below 10,000 inhabitants) mv 
objection is directed against a method which, as an expression of >’a 
real epidemic appearance* of poliomyelitis, sets up the same minimum 
demand tor the morbid frequency, viz. 20 cases, for all towns ir- 
’ Sr ''' over 100,000 inhabitants or under 

Tlie method employed by Wernstedt thus involve a several limes 
ughci minimum demand for the morbid frequency ]ier 1 000 in 

m the lo,v„s in U.c hngo d,i« "nd", 
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further manifold higher minimum demand for the frequency of the 
disease per 1,000 in the small towns and town-like communities than 
in the medium-size towns. 

Under such conditions it is not surprising that all the three large 
towns can fulfil the relatively small minimum conditions set up for 
them, or that only 11 of 27 medium-size towns and not more than 
10 of the close upon 200 small towns and town-like communities (with 
at least 1,000 inhabitants) can meet the considerably higher minimum 
demand placed upon them. 

With the method used it is also self-evident than the mean value 
for the paresis frequency of the epidemics per 10,000 inhabitants will 
be the lowest in the large towns, higher in the medium-size towns, but 
many times higher in the small towns and small communities — ^ N.B. 
in a few though intensly attacked ones. But I do not believe that the 
result of a comparison between mean values based on such different 
premises can have any scientific value. 

On page 7 Wernstedt writes that my tables (see Tables 56 and 57) 
would indicate that scarlatina, diphtheria and morbilli exhibit the 
same character as poliomyelitis in respect of precession. This inter- 
pretation is doubtless due to a misunderstanding based on the fact 
that between the periods 1911 — 1920 and 1931 — 1938 all these disease 
do not show any positive effect of the precession. In the case of the 
three mentioned first this fact does not depend upon deficient power 
to produce immunity, which seems evident from their mortality dia- 
grams, Figs. 10 — 17 and 38 — 40 in my work. Annual period after 
annual period the highest mortality per 100,000, and consequently also 
no doubt the morbidity, are to be found in the as yet not thoroughly 
immunized youngest ages. Compare with these the diagrams for the 
poliomyelitis mortality. Figs. 22 — 25, annual period by annual period. 
The difference is not difficult to detect. 

The absence of the precession effect in diphtheria may doubtless 
be explained by the fact that during the thirties that disease was in 
process of being eradicated in Sweden. In spite of increased oppoi- 
tunities for contact the bacillus carriers were so few in number that 
it took a longer time than 20 years earlier for the younger, the non- 
immune ages to become exposed to infection from them. 

That scarlatina and morbilli did not show an increased relative 
share in the mortality of the age group 0 5 years during the thirties 

is, I consider, a consequence of improved hygienic, prophylactic and 
therapeutic facilities. This assumption seems to me to be supported 
by the fact that the mortality in these diseases — though not therefore 
wdth equal certainty the morbidity — diminished much more rapid y 
in the towns, where these facilities are abailable to a greater extent 
than in the rural districts. For instance, the scarlatina mortality ni 
the youngest age group diminished from 39.7 (1911 1920) to »). 

<1931 — 1938) in the towns, from 23.0 to 8.8 in rural districts, and 
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the morbilli moilalily from 74.5 lo 11.5 in Ihe torvns ami from 44.0' 
to 11 0 in the rural districts, all per 100,000 children per annu . 

For poliomyelitis, on the other hand, it is found that the mortali y 
(for the same age grup and the same numher of children) fall from 
7 7 to 3.0 in the towns hut from 9.8 to 1.7 in country districts As is. 
evident from this, the decline in poliomyelitis mortality in the age 
group 0—5 years was greater in the rural districts. Prohahly this wiis 
not due to either reduced risks of infection or to improved hygienic 
or medicinal factors, which have not hitherto proved at all able to 
reduce the frequency or mortality of poliomj'clitis. II such factors had 
exercised an influence, this ought surely to have come to stronger ex- 
pression in the towns. 

The powerfull fall in the poliomyelitis morlality during the Ihirlics 
in the ages of infancy and early childhood, which also corresponds, 
to a distinct regression in the paresis frequency in the same ages (in 
Sweden) — see Table 49 A and B, is therefore in glaring contrast to 
all the numerous biological reactions which during this period, with 
its considerably increased risks of contact and infection, must have 
taken place between the poliomyelitis virus and the ages in question, 
both in towns and in the country. If the p. ihriis had been bomopatbo- 
genic in the same sense as those of scarlatina, diphtheria and measles, 
a powerfully pronounced precession could hardly have failed to ap- 
pear in poliomyelitis during the thirties, a distinctly more powerful one 
than the precession effect of 20 years earlier. 

What Wernstedt considers to prove the presence of jircccssion in 
poliomyelitis is that during the 1911 — 1913 epidemics he found that 
the age group 0 — 5 years had its highest relative morhiditj' in the towns 
while its relative morbidity declined in the country-side according as 
the density of the population decreased, the minimum being reached 
in the most sparsely populated districts. Wernstedt has obtained sup- 
port for his view from Olin-Heinertz’s investigations in Sweden for 
the years 1930 — 1939. These show the same trend. However, it seems 
to me that such a trend and parallelism between the relative polio- 
myelitis morbidity in the 0 — 5 years group and the density of popula- 
tion in the localities only signify that there is a positive correlation 
here between these two factors. The correlation as such reveals nothing 
as to its cause. If the cause of the correlation had lain in different 
states of immunity in the localities and had hence been an effect of 
precession, this ought to have brought about — as was just pointed 
out-. an entirely different effect of the precession during the thirlies. 
\\ e ought then to have had the right to expect quite different and 
increased relative morbidity rates in the ages of infancy and early 
childhood, the least immune, than 20—25 years earlier. Now these 
relative paresis figures only reach about 50 % (see Table 49 A and B) 
m owns and rural districts, of their value during 1911—1913 This 
act seems impossible to reconcile with the view that the age distribu- 
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la^s poliomyelitis morbidity is conditioned by immunological 

On page 8 Wernstedt writes that I have completely ignored the 
great importance for the transmission of infection that the cver- 
invreasing inter-communications had after 1911—1913. In reply 1 
would refer to what I have written on pages 109 (14th line from bot- 
tom), 122 (17th line from bottom), 123 (9th line from bottom), 124 
(11th line from bottom), 147 (21st line from bottom) and 15l’(lsl 
line), and would further stress that Chapter 6 (on the problem of 
precession) is wholely built up on a comparison of the two periods 
of time with their different risks of contact and consequently different 
risks of infection, based just upon the different intensity of communi- 
cations that characterized these periods. 

If the increased invasion of the towns by young and middle-aged 
people during the thirties had, as Wernstedt thinks, actually increased 
the number of the vulnerable in these ages in the towns and had thus 
also increased the general poliomyelitis morbidity of the towns, so 
that an equalizing tendency had in this way been established belween 
the rural and the urban risks, this ought to have become visible in 
Table 49 A and B, page 108, showing the paresis morbidity in different 
ages in towns (and town-like communities) and in rural districts 
during the years 1911 — 1913 (according to Wernstedt’s paresis data) 
and during the period 1930 — 1939 (according to Olin-Heinertz’s paresis 
figures). These tables, however, do not lend any support to such a 
view. During 1911 — 1913 the share of the towns in the paresis cases 
(estimated on the morbidity per 100,000 inhabitants in the various 
age groups) was 44.5 % as against 55.5 % for the country districts. 
During 1930 — 1939, on the other hand, the corresponding figures were 
41.3 % and 58.7 %. 

During the thirties all age groups over 15 years certainly increased 
their relative morbidity compared with their morbidity during 1911 — 
1913, but they still kept the same mutual morbidity risks as between 
towns and rural districts as they had during the epidemics of 1911 
1913, i. e. the incidence of paresis is about double as high in the same 
age-group (per 100,000 inh.) in the rural districts as in the towns. 
This does not, either, argue in favour of any equalizing tendency be- 
tween the risks of contracting the disease in towns and countiy-side. 

When Wernstedt writes that the increased morbidity risk observed 
for the older ages co-incidentally with the increased communications 
during the thirties does not argue against an invisible immunization 
but on the contrary gives powerful support to its existence, I do not 
understand his line of reasoning. He also considers that poliomyelitic 
epidemics have a rather thorough immunizing effect in the localities 
attacked. In this respect I refer to his view of the 1905 cpuiemic, sec 
below. If all the epidemics occurring in Sweden after 1905 had pos- 
sessed the same ability, the cumulative result duiing the thirties oug t 
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presumably to have been an appreciable reduction of the snsccptibili y 
in the older ayes instead of an increase. 

»Fur das Bestehen dcr invisiblen Immunisicrung sprichl noch einc 
andere, von B. ebenfalls slillscluvcigcnd iibcrgangenc Tatsachc — die 
Neigung der Poliomyelitis, niclil Jahr fiir Jahr in cpideniischer Form 
in deinselben Gebiet aufzulrelen, in dem sic wenige Jalirc zuvor grossc 
Verheerungen angerichlel hatlc. Ein Blick auf die von mir zusammen- 
gestellte Karte iiber die Epidemicgebicte in iinserem Lande wjihrend 
der Jahre 1905, 1911, 1912 imd 1913 (s. Erg. d. inn. Med. u. Kndhlk. 
1924. S. 349—350) diirfle auf rechl iiberzeugende Weisc Ichrcn, dass 
wir es bier niebt mit dem Spiel der Zufalls zu tun liaben, sondern mit 
einer in immunisatorisclien Verbiiltnissen wurzeinden Gcselzniassig- 
kcit.« writes Wernsledt on page 9. 

It is true that I have not dealt with this frequently observed 
phenomenon in the epidemiology of poliomyelitis, but my investigation 
lias as a principle only taken up problems for which the official 
statistics has been able to supjily material. However, it .should not be 
overlooked that although the localization of epidemic foci in our 
country during the years enumerated lends support to Wernstedt’s 
view that a determinate process of immunization has made itself felt 
here, other investigators, e.y. Bergstrand in Sweden (Nord. Med. No. 
II, 1939, p. 1276) and Lumsden in the U. S. A. (South. Med. .1., May 
1938, p. 472), have adduced facts that do not so clearly point in the 
same direction. Lumsden, the Medical Director of the U. S. Public 
Health Service, writes concerning this: »The experience of Mississippi* 
(for the years 1934 — 1937) « was similar to that observed jircviously 
in other sections of the U. S. There have been instances of high in- 
cidence rates in one region or locality for two or more successive j'ears, 
but, as a rule, communities after having a severe outbre:ik have low 
incidence rates for one or two or more years thereafter*. It therefore 
appears as though me are not concerned here with any immutable 
immunological conformity to law. We can therefore hardly exclude 
the influence here of other at i)resent unknown factors. 
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ON THE SO-CALLED NASAL GLIOMAS 

( ENCEPHALOCHORISTOMA NASO-FRONTALIS ) 

By Lennart Zettergren. 

(Received for publication March 16th 1948.) 

»The gliomas are tumours derived from the cells which constitute 
the supporting tissue of the nervous system«. The genuine eye ground 
gliomas will be seen to conform to this definition of Russel Brain’s, 
when considering the connection between the brain and the visual 
organs from an evolutionary point of view. On the other hand, the 
occurrence of so-called gliomas in the nasal region seems to be less 
easily explained. Since the genesis of these tumours is still being 
discussed, is seems appropriate here to give an account of a case of 
this kind which has been subjected to a close study. 

A boy, two months old. Since birth, a tumour at the nasal root to the 
left of the median-line. No noteworthy growth of the tumour. The child’s 
development otheinvise normal. At examination, a tumour, the size of a hazel- 
nut, of a soft consistency and movable, was found on the left side of tlie 
nasal root. At operation, the tumour was extracted in toto and seen to he 
fairly well-delimited, having also a thin stalk, rich in vessels, extending down 
towards the nasal bone. No connection with the cranial cavity was noted. 
Unfortunately, no rontgenological examination was made to ascertain the 
possible presence of a sutural dehiscence. 

Histological examination: The formation in question, which was 
approximately the size of a hazel-nut, was found to consist histo- 
logically of neuroglial tissue rich in vessels, which was not demarcated 
from the skin hut apparently forced in between the collagenic bundles 
right out to the epidermis (Fig. 1). A comparatively compact glial web 
extended between the tumour cells which, as a rule, had a sparse 
amount of cytoplasm and mostly rounded or oval nuclei (Fig. 2). No 
mitoses were observed. Here and there, particularly in the proximity 
of the coarser vessels, relatively large glia cells were seen with several. 
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usually peripherally silualeci, nuclei (Fig. 3). In some places there 
gliogenous giant cells were elongated, their nuclei lying in a row, one 
after the other. Also isolated cells were noticed which, after Nissl 
staining, had a granular hasophilc cytoplasm and round nuclei, poor 
in chromatin, with a generally central, large, nucleolus (Fig. 4a). In 
preparations impregnated with silver after Bielschowsky, these cells 
were found to be supplied with two straight processes or more which 
occasionally contained ncurofibrils, proving their nature of ganglion 
cells (Fig. 4b). No medullary sheaths were ascertainable. Pathologic- 
anatomical diagnosis: Encephalochoristoma. 


Discussion. 

To the pathologist the so-called na.sal gliomas represent exceedingly 
rare and surprising findings. However, a number of cases of such 
tumours arc reported in the literature. In view of the fact that these 
tumours may he localized either subcutaneously on the ridge of the 
nose or in the nasal cavity, in rare instances even in both these places, 
it seemed justifiahlc in the following compilation of cases from the 
literature to pay regard to this varying localization in order to discern, 
if possible, the differences that may exist between the various grou]).s. 


Table I. 

1. Intranasal gliomas. 


Yciir 


Author 

-Ago of ])atient 
at operation 

Sex 

KxacI localization 
of tumour 

i Pathologic- 
1 anatomical 

1 diagnosis 

Clark 

10 weeks 

(congenital) 



o' 

— .. . 

High up in septum 
in left nasal cav. 

! Glioma 

1 

i 

Anglade & 
Philip 

— 

.3 (lays 
(congenital) 


Right nasal cav. 

Glioma 

: 

i 

Terplan A 
Iturlofsky 



13 years 

1 

o 

1 

Left cavity of the 
ethmoid hone 

Glioma? 

(Some features 

resembling 

neurinoma) 

Guthrie A- 
Dolt 



10 year.s ’ 

1 

i 

1 

cf iLoff. nasal cav. 

1 

1 

, 

{ 

Nasal poly]) 
with neuroglial 
island.s 

Tobcck 

i 

^0 years i 

1 

1 

o' ; Riglit maxillary 

cavity and ethmoidal 

1 cavity 

Glioma 


in05 

1820 

1921) 

1927 

1929 


,(JO 
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2. Extranasal gliomas. 


Year 

Author 

Age of patient 
at operation 

Sex 

Exact localization 
of tumour 

Pathologic- 

anatomical 

diagnosis 

1900 iSchmidt 

1 

40 weeks 
(congenital) 

cf 

Right nasal root 

Glioma 

1909 jSussenguth 

11 days 
(congenital) 

o' 

Slightly to the left 
of nasal root 

Glioma 

1920 [Berblinger 

I 

1 

3 months 
(congenital) 

Cf 

To the left of 
nasal j’oot 

Glioma or fibro- 
glioma (occasio- 
nal cells re- 
semble ganglion 
cells but lack nu- 
cleoli) 

1937 jEigler 

' 

1 

10 years 1 cf 

(about 6 yrs) | 

Right part of ridge 
of nose 

Glioblastoma 

1924 

Roclier & 
.‘Imglade 

? (congenital); ? 

1 

1 

To the left of 
nasal root 

Fibroglioma 

1924 

Rocher & 
Anglade 

1 

10 months 1 ? 

I 

(congenital) I 

1 

To the 3'ight of 
nasal root 

Fibroglioma 
(isolated nerve 
cells) 

1 

18 months i ? 
(congenital) j 

To the left of , Fibroglioma 

nasal root | 



1946 jsratton & 
^Robinson 

1 month 1 9 ‘ 

(congenital) i 

To the left of ' Glioma 

1 

nasal root j 

1 

1948 lAuthor's case 

2 months j o' 

(congenital) i 

To the left of I lincephalo-^^ 

nasal root ; choristoma 


3. Extra- and intranasal gliomas. 


190.5 ; Clark 

2 years 
(congenital) 

! ^ 

i 

i 

1 

upper part of ridge Glioma 
of nose and left ; 

nasal cavity 

1924 Rocher & 
Anglade 

i 

6 months 
(congenital) 

j 

1 

! 

i 9 

! 

Slightly to left of Fibroglioma 

nasal root and (Ependyma- 

left nasal cavity coated canal. 

. Xeuroblastlike 
colls) 
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Survey picture of the tumour. The liglu spots consist of glial tissue. 





The tumour consists nf fo* i i.. 

.-icl. i„ vessels. A "'oLp^rSef t S' 

nasal gliomas are an’congenitll 'ai'd’lh"'°"r ^ nnlmnlaneoiis 

'» operation a comparaSv have been submiUod 

si'oblasloma publish^ i, £,L„ f* ““'n 'nrlh. The case of 

=-^ir;;-f£=;==r^ 
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Fig. 3. 

A section of tlie tumour with abundance of polynuclear, gliogenous giant cells. 




7 n-.itirriinn'cclls with Nissl bodies and nuclei 
a. Large pear-shaped ganglion cci s ctninino- 

containing big nucleoli. Nissl staimn^ showing 

b. Similar cells in Bielschowsky neurobbiil sta^ - 

indications of ncurofibrils in dendiites. 
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of a small spot on the ridge of the nose. On the other hand, as regards 
the gliomas of the nasal cavity, in three of the cases the tumour was 
actually not manifest until the patient had reached a higher age (viz., 
13, 40 and 46 years). Still, here also the congenital nature of these 
tumours may he questioned. The fact that a congenital intranasal 
lumour of the kind dealt with here does not show any particularly 
acute symptoms until the patient has advanced in years may, con- 
ceivably, he due to an edematous swelling of the tumour, e.g., in 
connection with an acute rhinitis. Thins, the observation that, apart 
trorn the alorementioned exceptions, ail the cases described in the lite- 
rature of so-called nasal gliomas are definitely congenital — revealing 
in their histological structure, on the whole, fair conformity with the 
tumours of the three older patients — offers some support for the 
assumption that the tumours also in the three latter cases were con- 
.gcnital. Finally, it seems appropriate to apply the same genetic view- 
points to these histologically analogous formations. However, in prin- 
ciple, this would presuppose the congenital nature of all the tumours 
in these cases. 

As to the exact localization of the so-called nasal gliomas, in five 
cases in the present compilation tiles’^ were found to the right of the 
median tine, and in ten to the left. Further, it is noteworthy that in the 
inajoritj' of the cases the subcutaneous tumours arc situated at the 
nasal root. This observation is of great significance to the discussion 
of the genesis of these tumours. 

The opinions stated in the literature concerning the genesis of the 
so-called nasal gliomas are somewhat divergent. Some authors {Schmidt, 
Clark, Bcrhlinger, and others) interpret them as marginal severances 
from the anterior cerebral vesicle that have taken place at an early 
embryonic stage. Others again (for instance, Siissengath and Tobeck) 
]ilacc them in connection with the strong embryonic development of 
the rhinenccphalon and the construction of the primitive olfactory 
cavities. The iiossihility that these formations might constitute the 
one-sided development of teratomas is pointed out, among others, by 
Schmidt and Clark. However, at the same time, they repudiate this, 
since teratomas consisting only of nervous tissue arc never seen in 
other connections. 

In the author’s opinion, the first of the three theories reported here 
is the most well-founded. As previously mentioned, the majoritj’ of 
gliomas of the ridge of the nose arc localized to the nasal root. This 
region of the face has long been known to pass through a complicated 
embryonic development where an abnormal course may sometimes 
result in the occurrence of a regular cncephalocele nasofrontalis. The 
studies reported hj' Holl arc of great value for an understanding of the 
origin of the encephalocclc. Thus, Holl showed that a connective tis.sue 
protuberance issues from the dura in normal cases, on the border be- 
tween the horizontal ethmoid plate and the frontal bone. Ibis pro- 
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tuberance fills the entire fossa supranasalis, i.e., the small triangular 
hollow lying behind the nasal bones in the upper part of the cartila- 
ginous wall of the nasal capsule. There is a cord running from this 
protuberance in the sagittal margin between the nasal bones and the 
cartilages right down to the tip of the nose. The protuberance itself 
constitutes the mesenchymal rudiment of the nasal process of the 
frontal bone. Thus, a hone capsule later develops on its surface. The 
intracranial part of the canal filled by the protuberance of connective 
tissue lies right inside the foramen coecum, immediately in front of 
the crista galli. An explanation af the predominantly left-sided localiza- 
tion of nasal gliomas may, perhaps, be found in tlie generally asymme- 
tric leftward course of this canal. If a deficient development of the 
dura takes place in this particular region, it will involve a defect in 
the aforementioned dural protuberance that projects down through 
the foramen coecum, with the consequent possibility of a prolapse of a 
cerebral part through this opening. Further support of Roll’s supposi- 
tion is offered by Muhr. The latter was in a position to prove on 
autopsy in a case of encephalocele that a solid protuberance of cerebral 
substance, which appeared between the nasal bones and the nasal 
cartilage capsule, was connected with the cranial cavity at the anterior 
edge of the ethmoid plate. 

In the author’s opinion, in principle, the so-called nasal glioma is 
an occurrence similar to that of an encephalocele nasofrontalis. The 
difference is merely that the encephalocele develops at a late embryonic 
stage when the skull has already ossified, while in the case of a nasal 
glioma the nervous tissue is already established when the ossification 
takes place. This theory derives support from the fact that Rocher & 
Anglade were able to ascertain, in at least one of their cases of nasal 
root glioma, how one stalk of the tumour penetrated deeper. From 
this stalk a clear fluid flowed that was found on chemical examination 
to contain sugar, Thus, it could definitely be assumed to consist of 
cerebrospinal fluid. Tbe patient died of symptoms indicating a menin- 
gitis. A similar protuberant continuation of the tumour down into 
deeper regions is to be noticed in the case published by Eigler, as well 
as in my own case. 

The histological structure of the so-called nasal gliomas, should 
also, it seems, be of considerable significance to the discussion regaid- 
ing their genesis. Provided, as previously assumed, that they constitute 
severed cerebral parts, it would be expected that they should be hi- 
stologically traceable in the tissue components forming the brain at 
the stage when the severance happened, i.e., apart from glial tissue, 
also nerve cells that develop at a very early embryonic stage. However, 
this does not always occur. While neuroglias invariably are included 
as an integrating part in these tumours, definite nerve cells have been 
ascertained previously only in one of the cases described by Rocher 
& Anglade. Berblinger points out that certain cells in his case 



679 


resembled nerve cells, but that the large nucleoli typical of these cel 
were lacking, as was also the tigroid substance which, however, doe 
not nlssarily occur in all the ganglion cells of the nervous systei - 
In the case reported by Guthrie & Dott, strikingly large cells with 
coarse nucleoli were observed, which nevertheless 
hypertrophic glia cells. It seems less surprising that medullary sheallib 
do not form part of these tumours, since the cerebral fibres begin to 
myclinize only at the end of the seventh embryonic month, i.e., at a 
stage when the separation of the glioma rudiment has undoubtedly 
already taken place. As regards the present case, apart from neuroglias 
of an ordinary character, also peculiar glial cells arc to be seen, 
of the same kind as observed previously by several other investiga- 
tors (e.g., Sussengnth, Berblinger, Eigler; Bratton & Robinson). How- 
ever, in addition, typical ganglion cells have also been ascertained. 
Some nerve cells have had an appearance differing from the normal, 
but the occurrence of intracellular ncurofibrils in these instances in- 
dicates that nerve cells actually arc concerned here too. Their struc- 
ture, which has changed in a regressive direction, may possibly be due 
to the inactivity of the isolated nerve cells. 

A few authors [Schmidt; Rocher & Angladc) have ascertained in 
the so-called nasal gliomas a marginal connective tissue delimitation 
of the tumour from the skin, staling this connective tissue to be pial 
tissue, particularly in view of the fact lhat the connective tissue has 
descended into the tumour in broad streaks, imitating, as it were, 
conditions in the cerebral pia. Whcllicr this really concerns connective 
tissue of meningeal origin seems uncertain. At any rale, it cannot be 
denied that the subcutaneous connective tissue under pressure from 
the tumour may assume this appearance. In certain instances, the 
connective tissue in the tumour has shown a general tendency to pro- 
liferation, justifjnng the diagnosis of fibroglioma [Rochcr A* 
Anglade). 

Thus, from Avhal has been said here, it is evident lhat the essential 
proof of the so-called nasal gliomas being severed cerebral elements, 
viz., the presence of nerve cells is lacking in the majority of the cases 
in the literature. In this connection, the question arises to what extent 
an encephalocele — in the author’s opinion a phenomenon 
re ated to the nasal gliomas — discloses the structural peculiarity of 
he meninges and of the cerebral parenchyma. An interesting fact 
propounded among others by Berger, in his study of the pathology of 
e encephalocele, then emerges, namely, that certain encephaloceles 
arc no »mmialure brains« surrounded by unchanged meninges. Both 

ns ““y changed lo such an extent 

encephalocele as a neoplasm, for 

reason 


whir'll ♦ , , i, iiuopiasm, 

^Much the term encephaloma has been suggested [Berger). The rea 
In transformation is hard lo decide, but it is probably 

io some degree, due to the potential capacity of the tissue elemen?; 
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that have been severed al the embryonic stage to proliferate separately 
In abnormal quantities while lacking the physiologic formative sti- 
mulation. 

The adequacy of the term glioma for these formations is now 
questioned. As emphasized by Guthrie & Dott, they should not be 
called genuine tumours, since the glia cells fail to disclose the em- 
bryonic characters justifying a diagnosis of neoplasm. In accordance 
with my own conception of the genesis of the so-called nasal gliomas, 
I would suggest the term encephalochoristoma nasofrontalis. 

Summarij. 

In connection with an account of a case of so-called nasal glioma 
observed by the author in a child of two months, a survey is presented 
of cases of such tumours reported in the literature. From a histological 
point of view, the author’s case conforms, broadly speaking, to earlier 
descriptions of these tumours. However, the occurrence of nerve cells 
is noteworthy, particularly in view' of the fact that they have only 
been ascertained in one previously published case. As regards the 
genesis of the so-called nasal gliomas, the author shares the opinion 
that they constitute severances from the brain at an early embryonic 
stage, suggesting accordingly the term encephalochoristoma naso- 
frontalis for these formations. 
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I. INTRODUCTION 
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We have for some time been engaged in a study of the Gram nega- 
tive anaerobic rods called Bacleroidcs by Bergcy cl al.^) During this 
work it has been obvious that few groups of microbes present such 
a confusing aspect as these microbes. By Bergcy ct al. they have l)ccn 
assembled in Fam. Bactcriaceae, Gen. VIII under the said name. In 
this genus we find 23 species. An appendix I of 0 genera named l)y 
A. R. Prevor-) as RISTELLA, CAPSULARIS. ZUBERELLA, SPHERO- 
PHORUS, SPHEROCILLUS and a species innominata contains 28 
species. An appendix II is given containing a number (23) of bacterial 
species found in the lilteraturc hut so poorly defined that their position 
is quite obscure. This gives as a total 14 different species, among 
^Yhich a Gram negative anaerobic non sporolating rod possibly might 
he enlisted, if the characteristics of the different species were so 
clearly stated that any bacteriologist working with adequate means 
should be able to place an organism answering lo the main charac- 
teristics of the group. 


The aim of all researchers in the field should naturally be that of 
giving well defined and clear descriptions of their microbes of so stable 
characters that other investigators could work out the characters of 
their own strains along the same lines and find those characters in 
their own strains. If, however, the description more or less is founded 


upon more personal impressions this description lacks value as a 
means of distinct classification, and other researchers will be handi- 


capped in their endeavor to classify a strain found in iiathological 
material. Any bacteriologist may have had the opportunity to find 

/V possible by a granf from Nvc£?aarrt & Co 

(A} CO), for -which we are verv thankfull. ' " 
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for himself, that he is unable to classify such a strain, a fact that 
shows that the present classification does not rest on a so well founded 
base as that of the Salmonelleae or the Streptococci. 

The classification of Bacteroides by Bergey et al. is mainly based 
upon the studies hy A. H. Eggerth and B. H. Gagnon^) in 1933 and 
those of A. /?. Prevot et al. in 1937. The latter ones have for the greater 
part tried to classify organisms formerly described in litterature, while 
the former ones have studied speciments of stools and described 18 
different species found in these studies. From 65 stool-examinations 
118 strains were isolated, but many of these were found only once 
or twice. It is reasonable to conclude that the examination of many 
more stools would have disclosed still more strains hitherto not des- 
cribed. Thus A. Dist<iso in 1911^) and 1912®) described 9 species from 
human stool while Eggerth and Gagnon only found 2 of these species in 
their examinations. Likewise H. Tissier°) in 1908 described 3 strains 
from the same source, and none of these were found by Eggerth and 
Gagnon. 

On going through the litterature on this point it is remarkable that 
most of these Bacteroids described by the authors mentioned are not 
described by other researchers. This fact leads us to conclude that the 
amount of Bacteroids must either be very great or the classification 
must be of minor value to bacteriologists in their endeavor to find 
suitable lines in the chaos of this material. 

Before we shall go into our own material we shall give a short 
resume of those species of Bacteroides of interest for the human pa- 
thology and as such recognized by Bergey et al. We shall first mention 
a group of Bacteroids described by many researchers and so well de- 
fined that their characters can be recognized by other researchers. 


B. fragilis. 

This microbe has been found in the natural cavities of man and 
in different pathological conditions, such as appendicitis, periurethral 
abscesses, gangrena of the lungs, infections of the urinary tract, and 
in abscesses of the liver. The microbe is a small. Gram negative rod, 
growing slowly and sparsely in broth with clouding and a sparse and 
fragile sediment. It does not produce gas, indole or H„S, but it acidifies, 
a number of carbohydrates, but does not attack milk although some 

strains splits lactose. 


B. funduUformis. 

This microbe was first described by A. Veillon and A. Zuber) in 
1894 and by J. Halle^) (1898) from the female genitales. It has been 
found in many infectious .conditions in man, such as otitis, gangrena 
of the lungs, infections of the urinary tract, parametritic abscesses,. 



nvcmia with mclaslases of the liver and in many oilier palliolofeical 
eondilions. The local infcclions caused hy Hus organism arc 
diaracterizcd by fetid, gangrenous and necrotic inflammations. B. fun- 
duliformis is ciiaraclcrizcd as a polymorplicous. non motile microlie 
consisting of rods of different length bearing many spheroid, oval or 
irregular bodies, that also may appear as free constituents of Hu. 
culture. The microbe will grow in broth with a more or less H«»se 
sediment and it forms a fetid smelling gas. Gelatine is not liquified, 
indole is only produced by old strains and Hie formation of H,.S is 
slight. It grows without hemolysis on the blood agar plate, but produces 
hemolysin in culture. The fermentation of sugars is ipiite various. 


B. serpens. 

This microbe was found in Hie same year (1808) by Vcillon and 
Zuber") in appendicitis, by liisi"^') in mastoiditis and hy L. GtiiUcinoB^') 
in gangrena of the lungs. Since then it has been described hy several 
auHiors. It occurs single or in short chains and grows with clouding 
of the medium and forms later on a sedimeiil in broth. It does not 
jiroduce H„S, but liquifies gelatine slowly and forms acid in different 
sugars. The microbe is motile by the means of slow undulations. 


B. melaninogenicus 


was first isolated by W. W. Oliver and IT. B. Wlternf') in 1021 
and later on described by several authors. It is found as a saproidiyle 
on the mucous membranes in man and in differeiil i>albological pro- 
cesses such as sepsis, ab.sce.sses of the .salivary glands and gangrena of 
the lungs. The main characteristics of this microbe is that it is a hemo- 
philic and hemolytic organism, producing a coal black pigment on 
blood agar plates. Growth i.s very poor in the abscence of liody fluids. 
On prolonged growth the black pigment may be absorbed and dis- 
appears. 

Together with Ibesc fairly well defined siiecies of Bacleroides several 
species have been described Ibal .show a great similarity to B. funduli- 
forniis. In listing these species we shall only mention those characters 
llial according to Bergey cl al. distinguish them from that organism. 


B. necroticns is only isolated once by B. ^U^twen^'^-) from aiiiien- 
dicihs. It is distinguished from B. fiinduliformis bv a more or less 


B. floccosiis was isolated by Conrcmonl and Cade'*'’ (1000) from 
< case of sepUco-pyemia and by Franklin^^) in 10:58 from sepsis Is 

pial'cr" i" l.e,nol,vsi„B l.l,,,,,! ag,,, 

’ pioducmg gas and in no action upon sugars. 
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B. mortiferus isolated once by N. M. Harris^-) (1901) from abcessus 
of the liver and distinguished from B. funduliformis in production of 
H^S and indole and in the ability of peptonizing milk with production 
of acid without coagulation and in growing only in media containintr 
body fluids. 

B. freundii was isolated by F. Freund^<^) (1922) from meningitis. 
It is distinguished from B. funduliformis in the production of indole 
and in not growing without body fluids on the first isolation. 

B. bullosas was found once only by /I. Distaso^) (1912) and is quite 
similar to B. funduliformis with the only exception that it is described 
as motile. It is of interest to mention that several of Distaso’s microbes 
are described .as motile, while other authors have found them not 
motile. It may be that Distaso has not differentiated clearly enough be- 
tween real motility and Browns motility. 

It will be observed that these last mentioned »species« are enlisted 
as species sui generis on the presumption that: 

1. B. fundulisformis does not produce spheroid bodies in cultures. 

2. B. funduliformis does not hemolyse blood agar plates. 

3. B. funduliformis does always produce acid and gas, but not fbS 
and indole in young cultures. 

4. B. funduliformis does not peptonize milk. 

5. B. fundulisformis will never need body fluids for growth in the 
primary isolation. 

It seems obvious that one of these characters alone must be a 
verj' slight basis for the statement of new species, when all other 
main characters are the same. We shall have the opportunity later to 
show that several of the distinctions made in this waj' are imaginary. 

Another group of Bacteroides is that of non pathogens of rather 
doubtful characterization and found by only one author. They fall 
presumable into different species, but the characters thought to be 
distinct for each species are of very doubtful value. TIius production 
of indole and of H„S is claimed of so highly specific importance that 
differentiation of species may be founded upon these single characteis. 
Variation of the acid production in sugars is like^^ise used freelj in 
taxonomic work. Some of these microbes are described as acidifiers of 
milk without coagulation, and some, are claimed to pioduce acid in 
lactose, glucose and galactose, w'hile they will grow in milk vithoul 
causing any alteration of this medium. 

We shall mention some of these microbes quite shortly. 

B. uescus, B. uncatus, B. exiguus, B. tumidus, B. convexus, B. ovains, 
B. gulosus, B. siccus all isolated by Eggerth and Gagnon from human 
faeces, in the same series of examinations (1933). The main charac 
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or the. species -e theh^ 

liquefaction of gelatine Further the lollou B p parlous, 

lT;oh^t^•i«" riiirB.' f— <na-a 

fftefthe ereek letters theta, iota and micro). B. thetaidmicron is also 
?fund by Distaso, but described as a motile rod. To the last group are 
related two species which are said to show a varying liquefaction of 
eelatine, namely B. uniformis and B. dhtasonis. Of the former species 
6 strains showed liquefaction, while 2 did not. Of the latter 4 strains 
did liquefy while 16 did not, 16 strains showed coagulation in milk, 
and 4 did not, 2 strains hemolyzed bloodagar, w'hile 16 were negative 

on bloodagar. 

It seems justified to critizise the naming of species on characters oi 
so doubtful taxonomic value as done here. It is not to be wondeied 
at that the chaos of species must be overwhelming, wdien the basis for 
taxonomy is taken so easily as here. It will be noted that in some 
.genera the difference is very slight between species, while strains of 
opposite characters are grouped in the same species. 

The following group of 5 species of Bacteroides seems to be some- 
what belter characterized than many of the other groups. They are 
partly found qnly once and partly several times, mostlj’ from human 
stool. 


B. coagulans and B. vulgatus, both isolated by Eggerth and Gagnon.. 
The former does not attack sugars, but produces gas in peptone water, 
indole in broth and liquefies gelatine, while the latter produces acid 
and gas in sugars, but produces no gas in peptone w'ater. The other 
characters are very much alike. 

The following 3 species produce mucoid colonies and are capsulated- 
They are B. variabilis, B. mucosas and B. zoogleiformans. The second 
one is characterized by the formation of fetid gas, Avhile the last one 
does not produce any gas, while both these species craved body fluids 
for their isolation. 


Last we shall mention quite shortly a group of Bacteroides mostly 
classified hy Prevot. It is a common characteristic also for this group, 
that the species often are founded on the isolation of one single strain! 
two strains or sometimes a few strains. The differentiation between 
species are based upon characters earlier mentioned in this paper and 
a so upon slight differences in the morphology. It seems quite interest- 
ing that many of these species seem to occur very seldom or Avhat mar 
^ degree of variability and thus lead the in- 

sredci belonging l„ ditfevenl 

species under different conditions. 


These species are as follows: 

Ristella haloseptica, Ristella putriednis, Ristella terebrans, Ristella- 
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trichoides, Ristella furcosu^, R. cappilosus, R. cylindroides, R. mr- 
foetens, Zuberella rhinitidis, Z. preacuta. 

These species have been obtained from various purulent inflam- 
mations, such as osteomyelitis, appendicitis, cholecystitis, rhinitis and 
from human intestines. 


To summary this survey one may say that the systeme of Bac- 
teroides at present is a deplorable turmoil of names placed on what is 
called species of a very doubtfull reality. The authors obviously have 
been tempted to regard one single strain as a special species, when 
they on isolation find that it differs in some, often quite slight degree 
from other species. And we are justified in believing that the in- 
vestigation of such strains often has been carried out with technique 
different on essential points, and thus giving different results in the 
hands of different investigators. We may mention such a delicate test 
as the test for 11,8. The technique here is of a paramount importance, 
as a poor technique may give a negative result where a better one gives 
a positive one for the same strain. Another fact may be mentioned. 
Some authors may use a homogeneous growth in broth as opposed to 
a flocculate one as a means of differentiation into species although 
it is well known that a rough strain of a microbe will grow flocculate 
in broth, while the smooth strain may grow’ uniformly cloudy. Still 
other authors differentiate strains into species according to slight 
differences in morphology such as the individual elements being longer 
or shorter rods. 

It is obvious from these short remarks, that one must be justified 
in doubting the validity of a great deal of the classification of the Gram 
negative, non sporeforming anaerobic rods and in wishing for a greater 
interest in the investigation of the group along modern technical lines 
w’ith the aim of a more simple and clear classification, where the 
species may be based on the main characters, while minor differences 
of doubtful importance are neglected. 

We have long felt that the differentiation between B. funduliformis 
and Necrobacterium (Actinomyces necrophorus) may be illusoiy and 
'vvill treat this question in our next paper of this series. 
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STUDIES ON BACTEROIDES 

II. B. FUNDULIFORMIS AND ITS RELATION TO NEGRO- 
BACTERIUM NECROPHORUS (ACTINOMYCES NECROPHORUS) 

By Jon Jonsen and Th. Thjotta. 

(Received for publication April 26th 1948.) 

The characters and the systematic position of Necrobacterium nc- 
crophorus (Actinomyces necrophorus of Bergey et al.) has been dealt 
with in this journal by Th. Thjotta and 0. Lahelle^) and in the large 
monography by Lahelle.-) We shall refer to those papers and shall 
not take up the description of Necrobacterium in detail, but only so 
far as it is necessary for comparison with B. funduliformis. 

Since we began our studies on Bacteroides and especially on Necro- 
bacterium we have held it very likely that this microbe and B. funduli- 
formis in reality are identical, and if not identical so closely related 
to each other, that it seems impossible to make a clear distinction be- 
tween them using morphological and biochemical methods alone. We 
have therefore taken the trouble of doing a close examination of 
B. funduliformis morphologically and biochemically and have com- 
pared the characters so found with those found by us and by Lahelle 
in a material of 20 strains of Necrobacterium, and in this study we have 
used the same methods as those used in the said studies of Necro- 
bacterium. 

As is well known both bacteria in question consist of Gram negative 
rods of different length or non branching threads together with round 
or ovoid bodies, the latter both occurring quite free or in the rods as 
irregular swellings. Also biochemically the two species appear to be 
very much similar in characters such as production of gas in carbo- 
hydrates, hemolysis in cultures, H^S production and others. The patho- 
genicity is also mostly the same, although B. funduliformis is found 
in infections in man and Necrobacterium is found especially in ani- 
mals. This fact may be explained simply as a different naming of Ibc 
same microbe when found by human and by veterinary bacteriologists. 
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moniliformis, although in this case with a larger occurrence of the 
chainlike elements. 


Cultural characters. 

B. funduliformis grows well on solide media appropriate for the 
growth. The colonies vary in appearance both according to their age 
and (although to a lesser degree) to the composition of the medium. 
They show a smooth appearance transparent and greywhite of color 
as quite young colonies. But in the lapse of 3—5 days of growth, when 
they reach a diameter of 3—4 mm., many of them will show a' rough 
appearance, although some will remain small and still keep their 
smooth growth. In the following days of growth, as the colonies grow 
old, the edge becomes irregular, the surface looses its shiny appearance 
and becomes matt, the colony as a whole becomes flatter with a dark 
centre. At last the centre sinks into the colony, while the edge is 
slowly raised and becomes mucoid. The consistency is still pastelike 
rather than slimy, and the color is now dirty yellowish green. Round 
the colonies a broad metal glistening halo is seen both in plain media 
and on blood agar plates. 

The hemolysis of blood agar is somewhat caprizious. While the 
rule is that both our strains show a complete and strong hemolysis 
on sufficient incubation, they may now and then give non hemolytic 
colonies both of them or only one strain at a time. This phenomenon 
could not be explained as a result of the medium as one strain might 
give a good hemolysis, while the other did not hemolyse on the same 
plate, and this condition might be vice versa in the next experiment. 
However, the hemolytic property is distinct and can be seen on human 
blood as well as on animal blood (sheep-, horse- and cow-blood). 

Lahelle in his description of the colonies of Necrohacterium men- 
tions S, R and intermediate colonies. He also describes mucoid colonies, 
and he has also seen the sunken centre in his mucoid colonies just like 
those described by us in B. funduliformis. The other colonial types 
described by Lahelle in all respects resemble those in our strains of 
B. funduliformis, and we will especially mention the peculiar metallic 
shine produced by both B. funduliformis and by Necrohacterium. The 
consistency and the hemolysis are also quite alike. 

It is naturally obvious that many different species of bacteria rnay 
show characters exactly like those of other microbes, without being 
related to each other. But in the case of B. funduliformis and Nccro- 
bacterium the characters can all of them be found exactly similar in 
both microbes both as belongs to the morphological picture as to that 

of the behaviour of the colonies. 

In a high agar column grey lenselike colonies are formed with 
more or less gas around themselves. The growth appeared to a distinct 
line underneath the surface of the column. In gelatine the strains also 
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grow quite well with a flocciilent sediment in the bottom of the culture 

lube. No liquefaction appeared. . 

Thcf-rowth in fluid media was .slightly different m our two strains. 
15. fuuduliformis 267 always grew with a flocculenl sediment with a 
rlear fluid above the sediment. B. fiindiiliformis C.H., howc\ci, in 
voung cultures and especially in rich media, showed a homogeneous 
olniiding of the medium. The old cultures, however, successively 
(iovclopcd a flocculent sediment lihe tliat of the oilier strain. 

In his dcscriiition of the growth of Necrohactcrium in fluid media 
hahclie uientions that most of his strains grew with clouding and sedi- 
ment, while ') strains showed flocculenl sediment and very slight clou- 
ding only. 

The fermentation of sugars was tested in 2 per cent peptone water 
added 1 per cent of glucose, levulosc, lactose, mannitol and saccharose. 
The two first sugars were fermented with the production of acid and 
gas after •! — .') days of growth, while the cultures in the three last ones 
did not show any sign of fermentation after a periode of growth of 
t ! days. The same fermentation was found hy Lahelle in his study 
of Necrohactcrium with the only exception that one of his strains 
did fernienl saccharose, while all the others did not. 

Our two strains produced a strong reaction of indole (Ehrlichs 
indole reaction) when grown in ordinarj' broth. H^S was also produced 
in gelatine with ferri chloride, while this reaction was more difficult 
to define in media added lead acetate. Growth of the strains in cysteine 
glucose broth cultures added small pieces of iron gave an intensely 
black coloration which was taken as a sign of the production of H„S. 

Lahelle in his material of Necrohactcrium found that all his strains 
were indole and HjS jiroducers. 

Weinhere/, yalivcllc and Prevoi (3) find no i)roduclion of indole in 
11. funduliformis, while Kisskalt (4) mentions that the microbe pro- 
duces indole in old strains. Likewise the former authors claim that 
nil production of H..S takes place in B. funduliformis. while Tissicr (.5) 
bas found a small amount of H.S in his cultures of B. funduliformis. As 
already mentioned the two strains examined hy us are sent us hy 
I’revot. and must consequently an.swcr to the characters claimed by 
I’revol ct al. for B. funduliformis. When these two strains in our hands 
produce both indole and H,S. we can only conclude that these charac- 

hrs of the strains have not been disclosed hv the method used hv 
Trevot. 


(howlh Factors in the Cultwolion of B. fumliiliformis. 

All cultural experiments with B. funduliformis show that this 
ordinary media. Distinct experiments as to 
d b m? -1 • , factors have not, however, been made, 

.U1 It IS obvious that the growth becomes more abundant on the 
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addition to the ordinary media of different compounds. We have there- 
fore tested the effect of such additional factors as glucose, cysteine, 
ascites, potato and potato extract on the yields of growth in B. fundu- 
liformis. 

The technique of these experiments has been as follows. The basal 
medium has been a very poor one, namely 1 percent peptone water. 
The inoculum has been the centrifugal sediment from a 48 hours 
culture in glucose-cysteine broth, after washing of this sediment in the 
centrifuge and resuspension in normal saline, to a standard of 1000 
mill, microbes per ml. A single drop of this suspension has then been 
added to the different media. The tubes containing the basal medium 
were heated in a boiling water bath before inoculation and the in- 
cubation took place in an anaerobic metall jar evacuated in an air 
pump and washed thrice with hydrogen before incubation. 

A preliminary test with 1 and 2 percent of peptone water was car- 
ried out before the main tests in order to state the faculty of growth 
in this medium. The result was as stated in table I. 


Table /. 


Medium 

1 

Dsiys of 

Amount inoculum in drops of suspension 

cultivation 

1 2 4 6 8 10 drops 

1 percent 

2 1 

_____ -t-f 

p. w. 

4 

_ _ _ _ + -t-1- 


10 

----+++ 

2 percent 

2 

— — — — — ++ 

p. w. 

4 

--- + ++++ 


10 

— — — ++ ++ ++ 


Table I shows that B. funduliformis is able to grow in 1 or 2 per 
cent of peptone water, if the inoculum is high, but not if the inoculum 
is very small. The same observation was made by Lahelle with Ins 
strains of Necrobacterium. These were unable to grow in these solu- 
tions of peptone immediately after isolation from the animal body, 
but wdien old strains were tested they did grow if the inoculum was 
high. As our strains of B. funduliformis are old strains the comparison 
with Necrobacterium consequently is complete. 

In Table II our results of cultivation of B. funduliforiins in dif- 
ferent concentrations, of glucose added to the basal medium ( percen 
of p.w.) are shown. 
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Table II. 



Days 



— 

Peptone water w 

ith glucose per 

cent 




strain 

of rill- 

i — 









- 


8 

<) 


livniioii 

0.0.') 0.1 

0.2 

0. 10 

n.s 

1 


•* 







■— 





4- 

-f 

-f 

4" 4- 


4- 

— 

— 

— 

— 

I), funduli 

•y 


. 

-t--b 

4- 4" 

-f-p 



4* 4- 

-P-f 


-p-p 

— 

— 

formis 

4 


4* 


++ 

++ 

++ 

-p-f- 

4- 4- 


-1- -1- 

-p-p 

— 

—— 

C. H. 

10 

— — 

+ 

4" 4~ 


4- 4- 

4- 4- 

-f-f 



-1--P 

-p-p 

-f- 




1 


-f 

4* 4- 

4- 4- 

-f-f 

++ 

4- 4" 

4- -f- 

4" 4- 

4- 

— 

— 

— 

B. funduli- 

2 


-i--f 

-f-f- 

4" 4- 


4~ 4" 

4~ 4" 

-f + 

-f -t- 

-f-f 

-p-p 

4- 4- 

— 

formis 

i ■' 


-j- + 

4- 4- 


4- 4- 

-1-+ 

-I'-i- 


4- 4' 

-f -p 

-p -p 

-p-p 

— 

2C7 

10 

— -f -4- 

4- + 

-t--f 


4" 4“ 

4" 4- 

4- 4" 

-f -t- 

4- + 

4* 4- 

4- 4- 

-p-p 



Tabic II shows lhal glucose has a dislincl proinoling effect on llic 
growth ability of B. fundulifonnis even in so low conccnlralinns as 
0.4 and 0.2 per cent. The intervals of the most pronounced effect, how- 
ever, lies between 0.8 and 4 per cent of glucose. In the higher concen- 
trations the growth is poorer and above 8 per cent no growth takes 
place. 

To ensure growth of H. fundulifonnis in several generations 0.8 per 
cent of glucose in 1 i)er cent of peptone wjitcr is the smallest fpianlily 
of this chemical that can he used. 1 per cent has therefore been used 
in our study to this aim just as LahcIIe in his study of Nccrohaclerium 
found that just this addition of 1 per cent of glucose was hcsl suited 
for this use. 

The growth promoting facully of cysleine hydrochloride was tested 
in the same manner as slated for glucose. Table 111 shows these experi- 
ments. 


Tabic III. 


strain 

Dnys 
or ciil- 
tivhlion 


Pejilone w 

aler with 

O.fll (1.012 

cysteine hy( 

o.oM o.oin 

[Irochloridc 

in pc 

r cent 

n.or, o.os 

0. 

O.IKM 

(i.miTi 

o.oos 

O.Ol.S 

0.02 

0.01 

B.f. 

> 1 

— 

— 

— 

.. . 

-P 

-P 

4- 

4" 

4- 4- 

4- 


... 

11. 

2 

— 

— 



4* 4- 

-P-P 

-P4- 

4-4- 

4- -j. 

-p-p 

-P-P -- 

_ 



1 

— 

— 


+ 

-t--p 

-P-P 

-1--P 

-P-P 

-p-p 

-p -p 

4-4- __ 

- 

B. r 

OAT 

1 

— 

— 

+ 

-t--P 

-t--p 

-P-P 

-p -p 

4“ 4‘ 

-1--P 

-p-p 

4- __ 

— 



— 

-P-P 

-p-p 

-i- -t- 

-p-p 

4- 4- 

-P-1- 

4--P 

4" 4' 

-p -p 

4" 4~ — 

— 


4 


4- "f- 

4- 4- 

4- 

-t--p 

4_ ^ 

-P-P 

4- 4' 

-p-p 

-p-p 

4--P — 

- 


lablc 111 shows that cysteine hydrochloride favors the growth of B. 
unciutiformis in quantities of 0.01 per cent up to 0.08 where an in- 
iniing effect sets in. B. f. 267 can start its growth on a somewhat 
ower per cent of the factor than B.f. C.H., although the inhibition 
‘'r s on the same point. Also this chemical permits a continuous 
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growth of both strains for several generations when a concentration 
of 0.012 to 0.06 per cent is added to peptone water. 

In his examination of Necrobacterium Lahelle found that an ad- 
dition of 0.03 per cent of cysteine hydrochloride to 2 per cent of peptone 
water gave an optimal growth, but the cliemical favored the growth 
in concentrations ranging from 0.01 up to 0.05 per cent. 

The growth favoring effect of ascitic fluid has been examined in 
the same manner as that of the two former factors. Table IV shows the 
results of these tests. 


Table IV. 



Days 
of cul- 
tivation 


Peptone water with ascitic 

fluid in 

per 

cent 


1 2 

4 

5 

7 

10 

15 

20 

30 

40 

50 


1 



— 

— . 

— 

4" 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

B. f. 


— — 

— 

— 

— 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

C. H. 


— -— 

— 

— 


4-4- 

4-4- 

4-4- 

4-4- 

+ + 

4-4- 





— 

4- 

4-4- 

4" 4- 

4-4- 

4-4- 

+ “f 

4-4- 

4-4- 


1 

— — 

4" 

4- 

4" 

4" 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

B. f. 


— — 

4- 

4- 

4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

4-4- 

267 

■1 

— ■ — 

4-4- 

4“ 4- 

4- -j_ 

4* 4* 

4-4- 

4-4- 

-j- 

+ + 

+ -f 


m 

— 

4- 4" 

4- 4* 

4" 4- 

4-4- 

4-4- 

+ + 



•f + 


Table IV shows that an addition of 15 per cent of ascitic fluid or 
more promotes an optimal growth of B. funduliformis and also that 
strain 267 here as in the former tests show a greater willingness of 
growth. Also for the continuous growth in several generations the 
concentration of 15 — 20 per cent of ascitic fluid is well suited. 

Lahelle in his study of Necrobacterium (and in his recently isolated 
strains) found that 20 per cent up to 40 per cent gave a good growth. 

The effect upon growth of whole blood, red cells, serum and plasma 
was next examined. Table V shows the results of these tests. 


Table V. 


0.05 per cent 

0.1 per cent 

red 

Blood serum plasma cells 

red 

Blood spnim plasma cells 


.Strain 


Days 
of cul- 
livalion 


0.5 per cent 


niood sormn 


r< 

plasma ci 


B. f. 

C. H. 


B. f. 
267 


+ 

+ 


+ + 
+ + 


+ + + + 

4 - + + + 


+ + 
4 - + 


+ + 4" + 
4" 4" 4" + 

4-4- 4-4- 

4-4- 4-4- 


4-4- 4- 

4-4- 4- 

4-4- 4- 

4-4- 4- 


1 

2 

3 

4 


4- 

4- 

4- 

4- 


4- 

4- 

4- 

4- 


4-4- 4-4- 

-f- -f -f 4- -f 


-t- 4- 
4-4- 


4-4- -1- -1- 
-f- -r -H -f 


4-4- 4-4- +4- ++; ++ + + 

4-4- 4-4- 4-4- 4-4-; 4-4- 4-4- 


+ 4 * 

4--f 4- 

4--1- 4- 

4-4- 




695 


Table V shows that whole blood has a higher value as a growth 
promoting factor than serum, plasma and red cells. There is perhaps 
a slightly better effect of red cells than of serum and plasma, but those 
latter ones show nearly the same effect. Quite clearly the quantities 
of the different blood fractions are of distinct importance. The least 
(piantity showing a good effect is 0.5 per cent of the different fractions. 
Lahelle in his studies showed that whole blood also in Nccrobacterium 
gave the best results, and that quantities from 0,1 up onwards could 
start and sustain growth in close agreement with our results with B. 
funduliformis. 

A convenient growth promotor for various microbes is sterile pieces 
of potato. It will be remembered that potato contains both the X and 
the V factor of Thjotta and Auerij, and that anaerobes may grow well 
in broth added small pieces of potato. This medium has been exten- 
sively used both in Lahelles studies of Necrobacterium and in our 
studies of B. funduliformis and found well suited for the cultivation 
of both microbes. Lahelle found that pieces answering to a dimension 
of 10 mm^ gave good growth just as we have found that very small 
pieces can sustain the growth. Also sterile extracts of potatos can be 
used. We found an optimal growth in quantities of 5 — 20 per cent of 
extract, but also 0.5 per cent could be used. Lahelle found a promoting 
effect of such extracts in quantities of 2 per cent, but did not try 
smaller amounts. 

Metallic iron is known to stimulate the growth of anaerobes and 
was as such used both by Lahelle and by us. We used a nail of 3 inches 
length in 10 ml. cysteine-glucose broth. This medium with the nail was 
boiled for 20 minutes before inoculation with material from a brain 
heart agar culture. The influence of the iron was that inocula too 


small to give any growth in the medium without iron gave a good 
growth when iron was present. More prominent than this growth 
promoting action is the intense blackening that takes place in the 
ironmedium and makes the culture quite intransparent. Together with 
this change of color a strong development of gas with a very intense 
fetid odour took place. We have found that this phenomenon is a sign 
of development of H^S by the microbe. 

The temperature of choice for the cultivation of B. funduliformis 
IS 37“ C., but growth can be obtained between temperatures from 25 to 
12 C. Even lower and higher temperatures such as 23 and 44“ C. might 
give growth, but at these temperatures growth was irregular and at 
le iighest temperatures gas production was very sparse or absent, 
he highest temperature that allowed growth of B. funduliformis is 
‘SO lat which Lahelle found to give growth in his study of Necro- 

wis 99 o^r temperature permitting growth 
Necrobacterium and 23“ in B. funduliformis. 

‘ire microbes gave their best growth 

y identical, Necrobacterium growing most abundantly 
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ietween pH 7^.5 and 7.8, while B. funduliformis had a growth maximum 
between pH 7,3 and 7,78. Growth xvas, however, present between 5.80 
and 8.27 in B. funduliformis and between 5.69 and 8.37 in Nccrobac- 
terium. 

Thus it seems obvious that both temperature and pH conditions 
show' practically the same influence upon the growdh of B. fundu- 
liformis and Necrobacteriuni. 

B. funduliformis is a strict anaerobe demanding very well esta- 
blished anaerobic conditions. Grow'th in high agar reaches up to about 
2 cm below the surtace and up to 0,5 cm in semisolide agar. On ino- 
culation on solide media growdh w'as quite good in anaerobic jar pro- 
vided the inoculation was made from the same kind of medium and 
fairly abundantly. Media that had been kept in open air did not give 
good grow'th as the rule is with other anaerobic microbes. Our results 
ns to the sensibility of B. funduliformis to aerobic conditions are com- 
pletely parallel to those obtained by Lahelle in Nccrohacterium. 

The hemolytic action of B. funduliformis and of Necrobacteriuni 
is of value in diagnostic examinations of the two microbes. This effect 
is seen on blood agar and can be examined more in detail in fluid 
media, w'here a titration of the hemolysin can be done and a compa- 
rison carried out as to the influence of the hemolysin upon different 
kinds of blood. 

The study of the hemolytic exotoxin has been carried out in broth, 
flasks of 50 ml. being inoculated with 1 ml. of a brain heart agar 
culture after thourough heating to drive off all air contained in the 
medium. The flasks w'cre incubated in an anaerobic jar for 20 hours, 
w'hen the culture w'as centrifugalized and part of it was filtered 
through Berkefeld candles N. The two fractions, one only centrifugali- 
zed and the other also filtered, were then titrated from 0.5 dow-nwards 
and added 0.5 ml. of washed red cells of different bloods in a concen- 
tration of 5 000 mill, per ml. The experiments were carried out in a 
w'ater bath at 37** C. Table VI show's the results obtained with B. fundu- 
liformis C.H. 

The same experiments were carried out with hemolysin produced 
by B. funduliformis 267 with very similar results. It is obvious that 
the hemolysin is to a certain degree absorbed in the filters w'hcn passed 
through a Berkefeld candle just as the case is with other hemolytic 
enzymes. It is also clear that all the different kind of blood examined, 
i.e. from sheep, horse, rabbit and ox is hemolj'scd almost to the same 
degree, although there is a slightly higher resistanse to the hemoljsis 
in the blood from rabbit and horse than in that from sheep and ox. 

Human blood has also been examined as to the sensitivity towards 
the hemolytic action of B. funduliformis. Table VII shows an cxperi 
ment carried out in this connection. The hemolysin was tested in un i 
tered condition. 
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Table VI. 



Red cells 
from 

Time of 
inciibalion 
hours 

1 


— 

Doses of hemolysin 


0.5 

0.4 

0.3 

0.2 

0.1 

0.05 ml. control 


1 

1 

100 

100 

100 

100 

0 

0 

0 


1 Sheep 

4 

100 

100 

100 

100 

100 

100 

0 



1 

100 

100 

100 

75 

0 

0 

0 

Unfiltcrecl 

Horse 

1 

4 

100 

100 

100 

100 

100 

100 

0 

broth. 


1 

100 

100 

50 

25 

0 

0 

0 


Rabbit 

4 

100 

100 

100 

100 

100 

100 

0 

i 


1 

100 

100 

100 

25 

0 

0 

0 


Ox 

4 

100 

100 

100 

100 

25 

25 

0 



1 

25 

25 

25 

0 

0 

0 

0 


Sheep 

4 

25 

25 

25 

0 

0 

0 

0 



1 

50 

25 

25 

0 

0 

0 

0 

Filtered 

Horse 

4 

100 

100 

75 

75 

25 

0 

0 

broth. 


1 

! 75 

50 

25 

25 

0 

0 

0 


Rabbit 

1 

1 

4 

100 

100 

100 

75 

25 

0 

0 


1 

1 

25 

25 

0 

0 

0 

0 

0 


Ox 

1 

4 

! 

100 

100 

100 

25 

25 

25 

0 


100 — 100 per cent hemolysis, 0 — no hemolysis, 75 50 25 resp. partial hemolysis. 


Table VII. 


strain 

1 

Blood from j 

1 

Doses of hcmolj'sin 

0.5 0.4 0.3 0.2 0.1 0.05 ml. control 

C. H. 

Male M. H. 

Male .1. J. 

Woman T. ,1. 
Woman .1. .1, 
Sheep 

100 100 100 100 25 0 0 

100 75 75 0 0 0 0 

100 100 100 100 75 0 0 

100 100 50 50 50 50 0 

100 100 100 100 100 50 0 

267 

Male H. H. 

Male .1. ,1. 

Woman T. .1. 
Woman .1. .1. 
Sheep 

100 100 100 0 0 0 0 

100 0 0 0 0 0 0 

100 100 75 0 0 0 0 

50 25 0 0 0 0 0 

100 100 25 0 0 0 0 
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Table \ II shows that both our strains of B. funduliformis produce 
an hemolytic factor for human blood and that the effect of that pro- 
duced by strain 267 is slightly weaker than that of strain C.H. It also 
shows that the sensitivity of blood from different individuals is not 
exactly the same, but may vary to some degree. Even the blood from 
the same individual may show different hemolytic titres from lime to 
time. This fact may probably be explained as the result of technical 
differences such as the variation in growth capacity of the strain, 
small differences in the medium, slight differences in the collecting 
and keeping of the blood etcetera. 

Lahelle also finds that his strains of Necrobacterium produce a 
hemolytic factor as showed both in the hemolysis on blood agar plates 
and in test tube experiments. There are some minor differences be- 
tween those features of hemolysis claimed by Lahelle for his strains 
and the same in our experiments. The most important of these differen- 
ces is that Lahelle finds that blood agar produced with blood from 
horse, goat or sheep only showed a green coloration instead of a he- 
molysis, while blood from man, rabbit or ox gave a distinct hemolysis. 
We do not attach much importance to this discrepancy between the 
results of Lahelle and our own results. The fact remains that both 
these organisms, B. funduliformis and Necrobacterium produce a he- 
molytic factor active as well in solide cultures as in fluid media and 
that this factor is efficient as well against human blood as against the 
blood from several species of animals. The action of this hemolytic 
factor is, however, not very strong, a fact that most likel3' explains, 
why both these microbes partly are named as hemolyzers partly as 
non hemolyzers. And this is probably the reason whj’ the hemolytic 
power only rarely is taken into consideration when the diagnosis is 
made on bacterial strains otherwise answering to the main characters 
of either Necrobacterium or B. funduliformis. 


Discussion. 

This paper relates the results of a morphological, biochemical and 
a cultural examination of B. funduliformis as presented by two strains- 
obtained from Prevot and named by him Spherophorus funduliformis. 
C.H. and 267. The characters so found by us arc compared to those 
found by O. Lahelle in our institute in his study of a microbe very 
much similar to B. funduliformis, as we prefer to name the first one. 
It will be remembered that Bergey et al.*) have placed both these 
microbes as different species in the same genus, namely the Bacte- 
roides. The microbe studied very extensively by Lahelle is that one 
called by Bergey ct al. Actinomyces necrophorus, and by us prefera i y 
called Necrobacterium necrophorus or only Necrobacterium as le 

genetic name should be. . , 

We have been interested in making a through comparison between: 


*) Edition 5 (1939). 
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Ihesc iwo species of bacteria and will show below the characters and 

discuss these in comparison with each other. 

According to Prevot the morphological pictuVc of B. funduliforniis 
is characterized by the occurrance of Gram negative rods or threads 
with or without spheroid bodies in the culture. This picture is so cha- 
racteristic that if a sample of pus coming from human origin gives 
this picture in culture (in anacrobiosis) one may presume that the pus 
contains B. funduliforniis (Prevot). 

It is quite clear that the socalled spheroid bodies both in the 
threads and as free bodies arc found in B. funduliformis. This is, how- 
ever, also the case with several other microbial cultures, and quite 
especially with cultures of Necrobacterium as shown by Lahelle and 
many other writers. We have also found these same structures in 
Havcrhillia moniliformis as mentioned already. The main point how- 
ever, is that the morphological picture cannot give any distinction be- 
tween B. funduliformis and Necrobacterium. 

Lahelle has placed great importance upon the growth of his strains 
on a solide mediums surface, while Prevot et al. docs not attach much 
importance to this phenomenon. However, Lahelle has found both 
S ,R and intermediate colonies in his cultures and after 3 days of 
growth sonic times a mucoid transformation of the colonics, in that 
the centre of the colonics gradually sunk and the edge was raised and 
became mucoid. In our cultures of B. funduliforniis this phenomenon 
was seen often while wc kept our cultures under .surveillance for a 
longer time than Lahelle. The other colonial aspect, however, was the 
same in our cultures as those in Lahclics material. The colonial types 
are accordingly unable to give a distinction between the two microbes. 

Tlie hemolytic action upon blood agar plates may be a good dia- 
gnostic distinction between B. funduliformis and other non hemolytic 
Bacteroides, but not between that microbe and Necrobacterium, since 
they are both hemolyzers. 

The conditions of growth arc the same for B. funduliforniis and 
loi Isccrobacterium. They' both give a very poor growth in peptone 
i\atei dependant upon the quantity of inoculum. They arc both and 
to the same degree influenced by different growth promoting factors, 
such as glucose, cysteine hydrochloride, ascitic fluid ct cetera. Both 
am gas producers and produce H,S, and indole. They both reduce 
nitrate and do not liquefy’ gelatine. The influence of temperatures and 
pH IS the same in both species, likewise the sensitivity against oxygen 
and other smaller characters arc closely the same. The action upon 
carbohydrates in our two strains of B. funduliforniis is found in 
several of the Necrobacterium strains of Lahelle. 

revol et al. put some importance upon the growth of B. fundu- 
^ sediment in broth, while Necrobacterium 

how should grow with a hemogeneous cloudy culture. This is 

eser, not the rule. Lahelle has shown that some of his strains of 
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Necrobaclcrium did grow with a distinctly flocculate sediment. Be- 
sides, the two strains of B. funduliformis obtained from Prevot .show 
a different growth in' this connection. The one, C.H. grows with a 
cloudy culture in young condition while the other very often shows a 
flocculent sediment with a clear broth on top. The growth in fluid 
media cannot accordingly he of any use in the distinction between 
these two species, the more so because any microhe turning to the R 
side will more or less sediment. 

We have consequently not found any means by which we could 
make a clear distinction between B. funduliformis and Necrobacterium 
in the morphological, biochemical or cultural aspect of the two species. 
The french authors maintain that the said characters are those upon 
which the distinction is made. We cannot agree in this conception, but 
assume that B. funduliformis and Necrobacterium is the same 
bacterial species, the first found hitherto in human beings, the latter 
in infections in animals. The pathological effect in both cases is the 
same, namely purulent inflammations with necroses. It remains, how- 
ever, to make a serological comparison. 

Conclusions. 

1. Two strains of B. funduliformis have been examined in detail. 

2. The morphological picture of these two strains are exactly the 
same as that shown by Necrobacterium, namely rods, threads, 
spheroid bodies occurring as well in the rods or threads as free 
in the cultures. 

3. The biochemichal characters of B. funduliformis and Necrobac- 
terium found in this investigation are the same to the least detail. 

4. The hemolytic powers in B. funduliformis and Necrobacterium 
are the same with a very slight discrepancy that may be explained 
on technical grounds. 

5. All cultural characters such as ability of growth in different 
media and activation by different growth factors arc identical. 

6. On morphological, biochemical or cultural characters alone it is 
impossible to make a distinction between B. funduliformis and 

Necrobacterium. , . , 

7. It remains to find any possible distinction in serological experi- 
ments. 


1 . 

2 . 

:i. 

L 

h. 
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B. fundulisformis 267. 
i'days growth on agar. (12 X) 



Fig. 2 . 

B. fundulisformis CH. 
i daj’s growtli on agar. (12 X) 



n , 3. 

growth. (S X) 


’S. 



* I 




Fig. 4. 

B. fundulisformis 267. 
Broth after growth in 48 
hours. (1200 X) 
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Fig. 3. 

Xecrobacferium (X 1200). 


Fig. 6. 

B. Funcliiliformis 2G7 {X 1200). 



Fig. 7. 

Necrobacterium 1200). 



from the state serum institute, COPENHAGEN (CHIEF: 

J. 0RSKOV, M. D.). 


ON THE SEROLOGY OF THE PROTEUS GROUP 

By Rcalc Perch. 

(Received for publication May 5th, 1948.) 

In a previous paper of F. Kauffmann and Beale Perch »On the Oc- 
currence of Proteus X Strains in Denniarkc, the pattern for a Proteus 
antigenic schema was established describing the first 6 O groups out 
of 26 0 groups known at that time. 

The present paper is a continuation of that work and extends the 
antigenic table in both an elaborated and a simplified form. The former 
gives the results of exhaustive serologic diagnosis in regard to the 
0 and H antigens, while the latter presents a Proteus antigenic schema 
suitable for practical use as recommended by Kauffmann and Perch 
(1). The results of the extended investigations will be slated only in 
brief, since they arc intended for later publication as a monograph. 

Material and Technical Methods. 

The material was the same as that employed in the above-mention- 
ed paper (1) and consisted of 540 freshly isolated strains of Proteus, 
together with a number of classical strains, derived from the following 
sources; feces (F) 447 cultures, urine (U) 47 cultures, pus (P) 41 
cultures, autopsy (S) 4 cultures, hcarlhlood of a mouse (M) 1 culture 
and 4 laboratory strains, X 10, XL, X 2 and X K from the National 
Collection of Type Cultures, Lister Institute, London, lest strains for 
the first 3 0 groups and 1 strain KP 21, identical with X 10 and for- 
merly isolated here in Denmark by Kauffmann and Perch (2). 

The techniques employed have on the vvhole followed the tech- 
niques used for Salmonella diagnosis, described by Kauffmann in »Dic 
Bakteriologic der Salmonclla-Gruppc«, 1041 (3). 

To exclude the not infrequent occurrence of mixed cultures (i. e. 
le existence of 2 different types in tlic same culture) the original 
ransplanl was spread on agar plates containing 0.1 % phenol, in order 
to secure single colony isolation. 

The determination of O and H antigens was made in lube agglulina- 
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tion with 20-hour broth cultures heated for 1 hour at 100” C, and 
with 6-hour formalinized broth cultures, respectively. 

O immune sera were prepared by immunization of rabbits with 
20-hour broth cultures heated at 100” C for 2% hours, while OH im- 
mune sera were produced by inoculation of 6-hour formalinized broth 
cultures. 

The determination of O antigens of O groups 1 to 30, inclusive, 
was made with O sera, whereas the O antigens of O groups 31 to 49, 
inclusive, were determined by means of OH sera and boiled culture! 
The use of boiled culture excluded the possibility of H antigen reaction. 
One should be aware, however, that Proteus O sera prepared by a 
culture heated at 100” C for 2% hours may possess H agglutinins up 
to titers of 1: 320. This was our experience when strains were used 
which occurred in a certain morphological form of variation to be 
described in detail in a subsequent paper. If the broth culture of a 
strain with this morphological form of variation after treatment by 
boiling was washed once with saline and afterwards suspended in the 
same volume of saline, an antiserum prepared from such an antigen 
would not contain H agglutinins. Boiling at about 125“ for 2 hour.s 
likewise excluded the possibility of H antigenicity. 

O absorptions were performed as follows: bacteria from a 20-hour 
agar plate were suspended in saline heated to 100“ C for 1 hour and 
centrifuged. In cases where the supernatant fluid looked cloudy the 
bacteria were washed once in saline and again centrifuged. Serum di- 
luted 1 : 20 and bacteria were mixed well, incubated 2 hours at 37“ C, 
and put overnight in the refrigerator; thereafter the mixture was 
centrifuged and the procedure repeated, as one absorption proved 
not to be sufficient in all cases. 

When dealing with the preparation of pure H sera the O agglu- 
tinins were removed by one absorption with the homologous culture 
treated by boiling for 2 hours at 100” C. 

H absorptions were always made with a living 20-hour agar plate 
culture. The culture was suspended carefully in scrum diluted 1 : 25 
or 1 : 50, the suspension incubated 1 — 2 hours at 37“ C, then centrifu- 
ged and a new absorption made. The mixture was kept overnight in 
the refrigerator. After the final centrifuging 1 drop of a 0.5 % for- 
malinized salt solution was added as a preservative tor each cc. ab- 
sorbed serum. 

The reading of O tube agglutination followed after 20 hours in a 
waterbath at 50“ C; that of H tube agglutination after 4 to 6 hours, 
i. e., if the agglutination was negative or weakly positive after 4 hours, 
the reading was repeated after 6 hours. Some cultures kept more t lan 
6 hours in waterbath may give rise to non-specific and misleading 
results even if pure H sera are used. 

These uncertainties in the H antigenic determination can be escapet 
if, instead of tube agglutination one makes use of slide agglutination 
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with pure H sera in a dilution of 1 : 50 or 1 : 100, and living agar culture. 
The serum dilution will depend upon the liter of the particular serum. 
In the performance of the slide agglutination a bit of growth is emul- 
sified in two drops of serum and agglutination becomes apparent after 
the slide is lilted back and forth for about half a minute. This H 
agglutination lest is recommended as the most reliable tor Proteus H 
antigen determination. The pure H serum (H serum absorbed with 
boiled culture) can be preserved in the refrigerator for months. 

Because of the previously mentioned morphological form of varia- 
tion, which under certain conditions may cause an O inagglutinability 
of the living and formalinized culture, slide agglutination with living 
culture can not be recommended for the determination of O antigens. 
In many cases good results can be obtained, but for uniform results 
tube agglutination is the test of choice. 

In the typing of Proteus strains according to the extended antigenic 
table, attention must be called to another form of variation which has 
already been described by Kauffmann and Perch for the X strains. 
This variation takes place in both O and H antigens and is apparent 
from the fact that a strain may have a partial antigen more or less 
developed. Thus different sera prepared from a scries of subcultures 
of the same strain may produce variable agglutinins for a particular 
antigen. This variation may range from good to poor, to completely 
negative. It appears to occur in many antigens of the extended schema 
and may give rise to error in the complete type diagnosis. The extent 
of such variation is unknown at present. 


Investigative Results. 

1. Simplified Schema. 

The results of the investigations undertaken will be found in svim- 
marized form in the tables. By reference to table 2, which contains 
the simplified antigenic schema for Proteus, it will be seen that 49 

0 groups were differentiated from our collection of 545 strains of 
Proteus organisms. Seven strains only of the 545 did not fall in the 
49 0 groups. Five of these were spontaneously agglulinablc and did 
not permit a reliable O antigen determination, while two strains con- 
tained antigens which excluded them from the 49 O groups. 

It will be noted that the distribution of strains by O groups is far 
greater m groups 1 to 30, than in groups 31 to 49. In fact, 87 per cent 

01 all strains were grouped by O sera 1 to 30. 

of 3 H sera it was possible to type, according to the 
simplified schema, 79 per cent of all strains, while 19 H sera were 
ecessary to type the whole material. The simplified tabic contains 
strilfa 30 different O groups and 98 types di- 

is ^ groups which have been distinguished. It 

1 y seen, and has often been stated in the literature, that the 
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variety of O antigens is much greater than that of H antigens This 
IS born out by the investigations on Proteus just as it has been estab- 
lished for Escherichia coli. 


2. Extended Schema. 

A careful investigation has been made of ail the O and H partial 
antigens in the Proteus types of the first 30 O groups. The data arc 
presented in Table 1. This work represents an analysis of 473 strains 
from which 79 types were differentiated. A total of 55 partial O anti- 
gens were distinguished in the 30 O groups and 31 H partial antigens. 
Again the greater variety of O partial antigens is marked in contrast 
to H antigens. 


Biochemical Investigation. 

The cultures were examined in the following substrates: 

1. Broth containing 0.5 per cent of the respective carbohydrates 
adonitol, dulcitol, sorbitol, 1 -arabinose, xylose, 1 -rhainno.se, maltose, 
salicin, inositol, lactose, sucrose, mannitol and glucose. 

2. Ferrochloride-gelatin for determination of H,S and gelatine split- 
ting; liquid urea; Simmons’ glucose agar and Simmons’ citrate agar; 
caseinbroth for indol production; special broths for determination of 
KNO 3 reduction and production of the Voges-Proskauer and methylrcd 
reaction. 

Two cultural types of Proteus were distinguished among the or- 
ganisms of our collection which are referred to in Tables 1 and 2 as 
»CulturaI Type I« and »CuIturaI Type 2«. Cultural Type 1 as a rule 
produced' acid rapidly in xylose, maltose, salicin and sucrose; it re- 
gularly formed indol. Cultural Type 2 refers to cultures which did 
not ferment maltose, produce indol, and gave either a delayed or nega- 
tive reaction in salicin and sucrose. 

As a rule all strains fermented xylose rapidly, produced acid and 
gas in glucose, liquefied gelatin, formed H^S, hydrolized urea and failed 
to ferment 1-rhamnose. With but single exceptions all strains hydro- 
lyzed urea promptly and reduced nitrate to nitrite. Most strains were 
methylred positive and with but single exceptions they did not produce 
acetylmethylcarbinol. Any deviations from the rule are noted in a 
column of the tables under ^Special Remarks«. 

It will be seen from Table 1 that there is a relationship of H anti- 
gens to cultural type. All strains in the extended schema possessing 
the H antigens 1 a, 1 b, 1 c (X 19) and 1 a, 1 b, 1 d tp.) belong to 
cultural type 1. Any deviations from this rule apply either to de^ia- 
tions in the structure of H antigens 1 a, 1 b, 1 c or 1 a, 1 b, 1 d, or to 
H antigens of higher numbers. 

All strains in the extended schema (Table 1) possessing the 
antigens 1 a, 1 c, 1 e (XK), H 2 , H 3, H 4 and H 13, a. o., belong to 
cultural type 2. One exception should be noted, namely 1 strains (FOf 
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Table L 

Diagnostic Proteus Antigenic Schema (extended) 
according to Bcntc Perch. 


0 

Test 

Antigens 

JS Vi 

C5 

U 

S o 

u 

O 

0 

Strain 

0 

H 

§ 

o 

3 >> 

u H 


X 19 

la 

la, lb, Ic 

2 

1 

1 

XL 

la, lb 

la, lb. Id 

5 

1 

2 

X 2 

2a 

1 la, lb, Ic 

3 

1 


XK 

3a, 3b 

! la, Ic, le 

8 

2 

3 

F 403 

3a, 3b 

2a, 2b, 2e, 2f 

10 

2 


F 248 

3a, 3b 

2a, 2c, 2e 

2 

2 


U 8 

4a. 4b 

' la, lb, Id 

(> 

1 

4 

F 407 

4a, 4c 

Sa 

1 

1 


F 394 

4a, 4c 

16a 

1 

1 


F IG 

5a, ob 

1 la, Ic, le 

3 

2 

5 

F 196 

5a, 5c 

' la, Ic, le 

2 

2 


F 267 

5a, 5c 

3a, 3b . . . 

1 ' 

4 

2 ; 


F 181 

Ga 

: la, Ic, le 

3 

- -2 ■ 1- 

6 

F 78 

Oa 

' 2a,2b,2o.2f ; 

17 

2 j 


F 116 

Ga 

3a, 3b . . : 

IS 

2 ! 


F 27 

7a, 7b 

la. Id, le. If 

11 

2 1 

7 

U 144 

7a, 7c, 11b 

7a, 7b 

3a, 3b ... 

1 

2 1 


F 387 

4a, 4b, 4c 

I 

2 

8 

F 30 

8a 

la, lb, Ic 

4 

1 

9 

F 62 

9a 

la, Ic, le 

4 

2 


F 75 

9a 

2a, 2c, 2c 

2 

2 


F 39 

10a 

la, Ic, le 

13 

2 

10 

F 2 

10a 

2a, 2c, 2o 

22 

2 1 

F 73 

10a 

3a, 3b ... 

10 

2 ! 


P 506 

10a 

4a, 41), 4c 

G 

9 



F 280 

10a 

oa 

5 

2 ! 


F 47 

11a, lib 

la, Ic, le : 

3 

2 i 

11 

F 67 

lla.llb.llc 

2a, 2b, 2c, 2f ! 

2 

9 1 

I' I 

11a, lid 

2a,2b,2e,2f 

7 

2 , 


F 81 

11a, lid 

3a, 3b ... 

5 

2 1 

— 

F 322 

11a, 11b 

Ga 

2 

2 1 

12 

F 65 

12a 

la,lb,lc ' 

9 

T' 

2 



F 358 

12a 

2a,2c,2e 

0 

13 

F 95 

F 427 

F 151 

F 219 

13a 

13a 

13a 

13a 

la, Ic, le ' 
2a, 2c, 2e 

3a . . . 

4a, 4c, 4d 

13 

1 

7 

4 

2 

2 

2 

2 

14 

F 120 

S •127 

14a, 14b 

14a, 14c 

la, Ic, le 

3a, 3b ... 

2 

2 

2 

15 

P 121 

F 295a 

15a 

15a, 15b 

la, lb. Id ... 
7a 

3 ~ ' 

1 

1 ~ 
1 


Special Remarks 


Xylose + or — 


Xylose 4- or — 

■> — ; salicin — ; urea 

» - -t » 


ll!S X 


Rham. salicin +' 
Salicin 
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Table f (continued). 


£2. 



1 


O 

Test 

Antigens 

a o 
^ (/: 
S C3 

o 

o 

Strain 

0 

H 

S u 
^ o 


F 55 

16a 

la, Ic, le 

6 

16 

■JjiliMI 

16a, 16b 

9a 

1 


F 485 

16a, 16b 

14a 

16 

17 

F 92 

17a, 17b 

la, Ic, le 

2 

F 119 

17a, 17c 



18 

F 136 

18a 

la, Ic, le 

B 


F 313 

19a, 19b, 19c 

la, lb, Ic 

8 

19 

F 434 

19a, 19c, 19d 

la, Ic, le 

2 

F 311 

19a, 19e 

3a, 3b ... 

1 


U 349 

19a, 19b, 19c 

11a 

1 

20 

F 475 

20a 

la, Ic, le 

2 

F 382 

20a 

2a, 2c, 2e 

1 

21 


21a 

la, lb, Ic 


22 

F 233 

22a 

la, lb, Ic 

1 


F 162 

23a, 23b 

la, Ic, le 

3 


F 431 

23a, 23c, 23d 

2a, 2b, 2e, 2f 

1 

23 

F 63 

23a, 23c 

2a,2d,2f 

1 


F 45 

23a, 23c, 23d 

3a, 3b . . . 

1 


F 296 

23a, 23c 

12a 

1 


F 288 

24a 

la.lc, le 

9 

24 

F 103 

24a 

3a, 3b . . . 

4 

F 90 

24a 

4a, 4b, 4e 

4 


F 330 

24a 

13a 

2 

25 

F 276 

25 a 

la, lb, Ic 

1 


F 58 

26a, 3b 

2a, 2c 

5 

26 

F 458 

26a, 3b 

3a ... 

3 

1 


P 372 

26a, 3b 

6a 

27 

F 25 

27a 

2a, 2c, 2e 

8 

U 501 

27a 

3a, 3b ... 

4 

28 

U 509 

28a 

2a, 2c, 2c 

12 

F 87 

28a 

3a, 3b . . . 

7 

- ■ — 

2!) 

F 10 

29a 

13a 

1 26 


F 384 

30a 

la, Ic, le 

i 1 


F 29 

30a 

2a,2b,2e,2f 

! 9 

: 1 

1 1 

1 9 

1 “ 

30 

F 321 

30a, 30b 

2a, 2c, 2c 

F 152 

30a 

4a, 4b, 4e 


U 96 

30a 

13a 


F 49 

30a 

15a 

i ^ 


a 

u 

- S 
U H 


Special Remarks 


1 

2 

2 

1 


2 

2 


Salicin X 


Salicin +" 


Xvlose — 


Salicin — 

Xylose +“; salicin x 


2 
2 
2 
2 


1 


2 

2 

1 


2 
9 


2 

9 



Key: 


• • * illCCXllO 

+ - means positive after two days 
— means negative after 30 days ..no/^finn 

X means delayed positive, often negatnc 
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TcihXc 2 

Diagnostic Proteus Antigenic Schema (Simplified) 
aecording to F. Kanffmann and Beate Perch 


Test Strain 


Antigens 

0 I H I 


1 X 19 

1 

2 X 2 

2 

.. i XK 

3 

- F 403 

3 ! 

i U 8 

4 1 

4 ■ F 407 

•1 i 

1 F 394 

4 j 

5 i f 19G 

5 !' 

1 F 2G7 1 

0 1 


F 181 
F 78 
F IIG 

F~2r~ 
u m 

F 387 


Number of 
Strains 

9 (7)*) 

~lols) 

(12) j 

s «!) r 
1 
G 

^ ~ • 

22 ( 17 ) : 

2r> (IS) : 

12 (II) 1‘ 


Special Remarks 


Xj'Jose — ; salicin — ; urea 


HsS X 


F 39 
F 2 
F 73 
P 50G 
F 280 

~F~Tr~ 

F G7 
P 81 
F 322 

'fIT' 

F 358 

~F~9r~ 

F 427 
F 151 


P 20G 
P 485 


11 , 1 

11 ' 9 

11 3 

11 ; G 

12 IT 

12 2 


F 


10 

14 ! 

S 

127 

14 j 

F 

121 

15 1 

F 

Tr 

295a 

k 


I 

^ l^'acketed figu,. 


C (•!) 

2 

19 (T 
28 (22) 
M (,0, 

5 

•1 (3) 

<) 


13 (9) 

7 J6) 

lo (13) 

i 

1 

3 (2) 


/ ( 6 ) 
18 (16) 


Rbam. salicin +• 
Sahcin +* 


•os indicate the No. of cases. 
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Table 2 (continued i). 


0 Group 

Test Strain 


1 


I 

Special Remarks 

17 

F 92 

F 119 

17 

17 

1 

10 

2 

1 

2 

1 

Salicin X 

18 

F 136 

18 


1 

2 


19 

F 313 

F 311 

U 349 

19 

19 

19 



1 

2 

1 

Salicin +' 

20 

F 475 

F 382 

20 

20 

1 

2 

2 

1 

2 

2 


21 

M 205 

21 

1 

4 (3) 

1 



F 233 

22 

1 

1 

1 

Xylose — 

H 

F 162 

F 431 

F 45 

F 296 

23 

23 

23 

23 

1 

2 

3 

12 

7 

2 

1 

1 

2 

anil 2 

2 

1 

1: Salicin — 

Xylose +”; salicin X 

24 


24 

24 

24 

24 

1 

3 

4 

13 

10 (9) 

5 (4) 

4 

2 

2 

2 

2 

2 


25 

F 276 

25 

1 

1 

1 


26 

F 58 

F 458 

P 372 

26 

26 

26 

2 

3 

6 

5 (3) 

1 

2 

2 

1 


27 

F 25 

U 501 

H 

2 

3 

12 (8) 

4 

2 

2 


28 

U 509 

F 87 

28 

28 

2 

3 

15 (12) 

7 

2 

2 


29 

F 10 

29 

13 

32 (26) 

2 

— 

30 

F 384 

F 29 

F 152 

U 96 

F 49 

30 

30 

30 

30 

30 

1 

2 

4 

13 

15 

11 (10) 

1 

2 

10 (5) 

2 

2 

2 

2 

2 


31 

F 110 

F 125 

31 

31 

H 

9 (6) 

1 

2 



32 

F 139 

F 388 

F 53 

32 

32 

32 

1 

3 

1 

2 

1 

2 

1 


33 

U 510 

33 


7 

2 

— 


j F 72 

34 

6 

2 

1 



35 

} F 335 

35 

m 


2 ' 

3G 

F 305 

F 398 

36 
' 36 

3 

7 

2 

1 

2 1 

1 j Rliam. +; salicin + 
































O Grovip 


711 



which was reckoned to have antigen H 2 hut had an additional special 
factor. This strain belonged to cultural type 1 ; certainly it gave a 
delayed or negative reaction in salicin. 

Phase Variation. 

Since the serology of the Proteus group is a parallel to that of the 
Salmonella group, it seemed well to investigate the possibililj' of phase 
variation. While there were no disturbing overlapping reactions among 
the H antigens which might lead one to believe in such a phenomenon, 
on several occasions in specimens from the same person wo encoun- 
tered strains from the same O groups which contained different H 
antigens. Tentative experiments were therefore undertaken with cer- 
tain of our strains by the Card plate method. 

Positive evidence of phase variation was not obtained in all of oiii 
expenments, but it will be seen from Table 3 that with three strains 
)caring 3 different H antigens a second phase was induced. Attempts 
were also made to have the second phase revert to phase 1, but with- 
on success. The phase 2 obtained in these experiments may be re- 
feor ed as a so-called artificial or induced phase. Whether a »natural« 
fur^th^ does occur is still an open question and subject to. 
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Table 3. 

Phase variation. 


Strain 

0 Antigens 

H Antige 
1. Phase 

ins 

2. Phase 

181 

6a 

la, Ic, le 

1, 2. 5 

78 

6a 

2a, 2b, 2e, 2f 

1, 3, 4 

144 

7a, 7c, 11b 

3a, 3b . . . 

1, 2. 4, 0 


Ivey: numbers 1, 2, 3 in column 2. phase are not identical with the corre- 
sponding numbers in column 1. phase. 

Examination of Strains of S. Winkle. 

When the experimental studies cited above were finished, the paper 
of S. Winkle, entitled »Zur Typendifferenzierung in der Gattung Pro- 
teus Hauser« was called to my attention. A Proteus antigenic table is 
presenting in this work, in which Winkle has established 12 different 
types involving 13 different O antigens and 8 different H antigens. The 
antigenic schema of Winkle is reproduced in Table 4. 

I am greatly obliged to Dr. Winkle for having placed his test strains 
at my disposal. The results of the preliminary orienting investigations 
with his strains and our sera were as follows; 

Strain A was strongly agglutinated in serum of our 0 group 3 (XK) 
and strain B was strongly agglutinated by serum of our 0 group 26; 
these 2 strains could therefore be reckoned to O group 3 and 26, 
respectively. 

Winkle’s strains C, D and E were agglutinated by 3 different sera 
of our O group 23, representing 3 subgroups and therefore regarded 
as members of this O group 23. 


Table 4. 


Antigenic Table according to S. Winkle. 


Sero 

Types 


Test 1 
Strains | 

0 Antigens 

1 

IT Antigens 


X2 


I (11) 

a b c 


Xio 


(ID in 

a b c 


XL 


III 

ace 


XK 


IV V 

a b (1 

A 


390 

IV VI 

a b ft 

B 


247 

V VII 

f 

c 


383 

VII vni 

a b cl 

D 


653 

VIII IX 

a b (1 

E 


47 

VIII X 

f 

F 


397 

XI 

a b c 

G 


52 

XII 

S 

IT 


56 

XIII 

b 
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Strain F was strongly agglutinated by serum of our O group 12. 
The strains G and H were agglutinated by our sera of O groups 32 
nnd 42 respectively, although the reactions did not reach the titers. 

The H antigens a, h, c — a, h, d — a, c, e of Winkle correspond 
to the partial antigens designated H antigen 1 (Kauffmann and Perch). 
Winkle’s antigen f is similar to our H antigen 2, while the g antigen 
corresponds to none of our H antigens. The h antigen of Winkle was 
found to be similar to H antigen 18 of Kauffmann and Perch. 

It is, however, emphasized that these investigations are based only 
upon a unilateral agglutination of our H immune sera with Winkle’s 
strains ,and the same is true of the O agglutination tests. Detailed 
comparative studios shall be accounted for in the afore-mentioned 
greater publication. 


Disenssioti. 

Kauffmann and Perch set the pattern for the present work with 
their paper on the occurrence of Proteus X Strains in Denmark (1 
and 2). An antigenic table was published in simplified form (1) for 
Proteus 0 groups 1 to 6, while both a complete and simplified formula 
were given for the X strains (O groups 1 to 3). 

The present work is a considerable extension of those studies. A 
»complete« antigenic table in elaborated form has been established 
For the first 30 0 groups, while a simplified antigenic table has been 
prepared for 49 0 groups. Although the »complctc« antigenic table 
appears complex in comparison to the simplified schema, it must be 
stressed that all Proteus antigens arc not contained in the »complelc« 
antigenic table; only the important antigens are involved. The simpli- 
fied schema is a modification of the »complctc« antigenic table; in 
the former only the diagnostic important antigens are presented. 

The simplified Proteus schema might be likened to the antigenic 
tables which have been established for the Salmonella and Coli groups, 
in that it is a diagnostic table for determination of types, not a list 
of all existing antigens. It is further emphasized that only the dia- 
gnostically important O and H antigens were considered as iheg oc- 
ciirml under natural conditions. 

A few preliminary investigations were made on the possibility of 
phase variation within the H antigens. These investigations indicate 
that in some cases it is possible to isolate artificial or induced phases, 
by the Gard technique, on agar plates containing homologous H im- 
mune serum. These attempts arc not concluded, and further work will 
bo carried out with the H antigens. 

The same is true for the comparative studies made with the strains 

•eported by Winkle. These were received at the end of my experimental 
work. 

The chief purpose of the present paper has been to publish anti- 
genic tables, which from the year 1944 have been the subject of 
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systematic investigations. A more detailed report of all results ob- 
tained will be reserved for a subsequent monograph on the serology of 
the Proteus group. 


Summarij. 

A report is given of diagnostic antigenic tables of the Proteus 
group, partly in a complete state (with 30 O groups) and partly in 
a simplified form (with 49 O groups). The division of O groups into 
types was accomplished by means of H antigens. A total of 98 types 
is reported in the simplified antigenic table from a study of 538 strains.. 
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STUDIES ON THE AGGLUTININS AGAINST 
HEMOLYTIC STREPTOCOCCI IN 
RHEUMATIC DISEASES 


By Slcn Winhlad and Guntiar EdslrOm, 

(Received for i)uI»licatioii May lltli 1948.) 

As known, lieinolylic slrcplococci grow in chains, and it is this ar- 
rangement that is considered responsible for the readiness with which 
these bacteria spontaneousls' aggliitinize. Recent investigations have 
shown that this spontaneous agglutination is due to the structure of 
the hemolytic streptococci {Timlin). For instance, if these streptococci 
are encapsulated, neither spontaneous agglutination nor agglutinins 
will appear as anti-bodies. If however they are not encapsulated, spon- 
taneous agglutination will generally occur, except in older cultures 
which arc as a rule non-agglutinahle and which therefore may he used 
as an antigen in agglutination reactions intended to show an anti-body 
in the form of an agglutinin. 

Griffith has demonstrated how a type-specific factor may be showm 
in immune sera after the absorption of agglutinins, and how agglu- 
tination may then be used for identification purposes in determining 
the streptococcal type. 

It is, however, evident that not all the agglutinins are type-specific, 
some being only group-specific or at least »typc non-specific« such as 
those agglutinins against hcmoljdic streptococci encountered in serum 
from patients with rheumatoid arthritis. Nicholls and Stainsbij (1931) 
■"ere the first to observe such agglutination, but against a culture of 
alpha-hemolytic streptococci. They expressed the opinion that this 
streptococcal strain was the only one against which such agglutination 
could be demonstrated. Dawson and his corroborators could show an 

arfl serum taken from patients with rheumatoid 

sc iritis, but only if — hemolytic streptococci were used as antigen in 
le est. Furthermore they observed that various different strains of 
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such COCCI could be used for this reaction and Avere able to show ac- 
glutinalion in 69 per cent of their cases (the minimum positive tUre 
approved being 1/160). In clearly established cases of streptococcal 
infection Avithout rheumatic complications they found positive ag- 
glutination in 8 per cent of the cases only. A technically important 
detail Avas recognised by these researchers, to wit, that streptococcal 
strains must be liA'ing and have groAvn not more than 14 hours, if 
they are to be usable in the reaction. 

Other Avorkers have since then confirmed these observations. 
Keefer, Myers and Oppels demonstrated positive agglutination against 
hemolytic streptococci in the sera of 54.5 per cent of a rheumatoid 
arthritic material, this result agrees more or less to those published 
by other investigators {Cox & Hill; McEtven, Alexander and Biinim; 
Levinthal; Thomas; Coss and Boots; Packalcn and deGara; Kalbak). 
Of these researchers Kalbak showed that in his material consisting of 
clearly established cases of rheumatoid arthritis no fewer than 95 per 
cent shoAved agglutination in a dilution of 1/20 or more. Positive ag- 
glutination in rheumatic fever or acute infection of hemolytic strep- 
tococci Avas less often (10 per cent) observable in his material. Kalbak 
applied Dawson’s technique and used living streptococci as antigen in 
his reaction experiments. 

Later investigatons have, hoAvever, shoAvn that living hemolytic 
streptococci are not the only ones that can be used in such aggluti- 
nation tests for demonstarating agglutinins in the sera of patients 
Avith rheumatoid arthritis. Thulin has shoAvn that autoclaved hemolytic 
streptococci, groAAm on pancreatin digested broth, may just as Avell be 
used as an antigen in this reaction. Such agglutination is also mani- 
festable in the serum from patients with rheumatic fever or nephritis. 
In accordance Avith the system of terms adopted for Salmonella sero- 
logy Timlin gave the name of 0-antigen (body-antigen) to this strep- 
tococcal antigen. By means of absorption experiments he Avas able to 
shoAv that this antigen is of a different nature from that in the above- 
mentioned streptococcal strains Avhich AA'ere agglutinizable by the sc- 
rum from rheumatoid arthritic cases only. There are evidently two 
naturally different antigens from hemolytic streptococci that give rise 
to agglutinins in rheumatoid arthritis. This argues in support of the 
assumption that hemolytic streptococci arc in some Avay or other cor- 
related not only to rheumatic fever but also to rheumatoid arthritis, 
but the exact mechanism of this correlationship is probably com- 
plicated. 

Of late years observations haA'e been published concerning the sera 
from rheumatoid arthritic patients. The relevant importance of tlic.se 
observations is of the first order, inasmuch as they show that not only 
streptococci but also other bacteria as well as non-bactcrial particles 
may be agglutinized by such sera. Wallis found that these sera will 



also agglulinizc decapsulalcd pneumococci; he also asserts lhal e 
particles of collodiuin will hccomc clumpy if brought into contact witl 
these sera. Even sensibilized blood cells of sheep may sometimes be 
agglutinizcd (Waaler). How such observations ought to lie interpreted 
is hard to say, but lliey do direct our attention more than ever to this 
agglutination phenomenon and solicit a further study of the scrologj 
of this disease. 

Serologically the above mentioned agglutinins against hemolytic 
streptococci differ from ordinary antibodies inasmuch as they gene- 
rally occur in a disease so pronouncedly chronic from the very he- 
ginning as rheumatoid arthritis but not in acute streptococcal diseases. 
Owing to this characteristic other serological experiences will be of 
hut little help in finding a feasible explanation of this phenomenon. 
It would, however, be interesting to determine the actual time these 
agglutinins appear in the serum. In an endeavour to find an answer 
to this question we have, as will be reported hcrcbclow, examined the 


agglutination not only in rheumatoid arthritic scrum but also in that 
from patients with rheumatic fever. We know very well lhal many 
eases of the last-menlioncd disease are inclined to take a chronic course 
and that several cases actually develop later into rheumatoid arthritis. 
In view hereof we thought it jiossiblc in such eases to show the exi- 
stence of agglutinins as arc not demonslrahlc in the acute stage of 
the rheumatic disease. 


The term I.,-a(jgItilination. 

In the experiments described hcrehelow only agglutination against 
living hemolytic streptococci has been employed. The antigen factor 
in this reaction is, as mentioned further xip. different from the 0-anti- 
gen obtained by autoclaving. A further characteristic of this factor 
is also that it is demonstrable only in certain strains of hemolytic 
streptococci that have no capsules and that nevertheless do agglutinize 
spontaneously. Furthermore, this antigen disappears in living strep- 
tococci if the strain is allowed to grow more than M hours, shaken or 
centiifugcd (halbalc) . In view t)f these last mentioned facts it seems 
quite credible that the antigen factor is located on the surface of the 
bacterial body and is therefore easily rcmovahle. 'I'liis has also been 
sbown in a photographic reproduction {ThuUn). As a suitable name for 
tins antigen we miggesl the designation >surface-antigenc: or ^^living 
antigcn« and ^living agglutinalion« respectively because it is bound to 
a hying culture. We decided uimn the term L-agglulination not onlv 

The term .surfacc-antigcn<c is 
ardlj adequate, because also the capsular substance forms part of 
the surface of the bacteria. 
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Technique. 

CitUnre: A culture of hemolytic streptococci group A, type 1, cnllecl SF 130 
has been used in the reaction. 

Broth 1: 750 gm. finely minced beef is added to V/., liters of water and 
placed m an ice chest wliere it is kept overnight. Th“e following day this 
mixture is boiled 15 minutes, filtered through paper and alkaliscd to i)!! 8.0 
with 5 N NaOH. 10 gm. Neopepton and 4 gm. sec. natrium phosphate are tlicii 
added per 500 ml. of the broth. Tlie broth is re-boiled and its pll is adjusted 
to 8.2 after which it is again filtered through paper and autoclaved 20 mins 
at 120 ‘’C. 

Broth 11: Instead of the above mentioned NDoi)opton and sec. natrimn 
phosphate, 10 gm. Bactopepton and 5 gm. NaCl arc added to 1 liter of wafer 
(with a pH of 8.0). The broth is then boiled and its pH is adjusted to 8.2 
after wliich it is filtered and poured into sterilized flasks which are then 
autoclaved at 120 “C. for twenty minutes. Tlie pH is finally adjusted to 7.0 
— 7.8. 

Incubation: The broth I is amply innoculated with the culture and then 
incubated for 6 hours. 50 ml. of the broth thus incubated are then used for 
tlie innoculation of a flask of Brofli II, wliicb is in turn incubated 10—12 
hours. This broth then constitutes the finished antigen. 

Agglutination: Inactivated serum is diluted with 0.3 per cent N'aCl. in a 
series 1/20 — 1/640. An equal quantity of antigen is then added to each of the 
test tubes of tlie series which are first incubated two hours in a water liath 
(52 “C) and then placed overnight in an ice-chest. Tlie readings are always 
taken with the same magnification and the same strength of light. The ag- 
glutination is judged on the same principles as suggested by Kalhal;; Strength 
•0: Completely diffuced test. No agglutination. Strength I: No real agglutina- 
tion. When shaken the sediment will rise diffusely. Strength 2: The sediment 
falls into middle sized particles, the supernatent liquid being clear. Strength 3; 
The sediment falls into large integral pieces, the supernatent liquid is clear. 
Strength h: The sediment forms a single large lump bard to shake to pieces. 
Strength 2, and upwards arc considered positive. ' 

As the antigen component in the reaction consists of a living broth culture, 
the value of the reaction is not always the same from one time to another. 
In order to keep the reaction as stable as possible a freshly prepared broth 
was used for 2—3 days only, after which new antigens wore prepared. More- 
over the sera used were tested repeatedly in order to avoid any doubt con- 
cerning their agglutination value. In spite of this precaution varying ^ allies 
nre encountered, but this is seldom the case. 


Material. 

The material of the present study consists of 206 cases of rheuma- 
toid arthritis. These cases were patients hospitalized at two rheu- 
matic clinics (Rheumatic Clinic, Lund and Pensionstyrclscns vSjukluis, 
Malmd). Some of the patients were nursed at the Deih. for Inlcrnal 
diseases at the General Hospital of the town of Malinii. In nearlj all 
cases tests were taken repeatedly and at various limes. It was often 
possible to follow- the agglutination litre a long time, the scdimcnlalion 
rale being registered every w-cek. 


Results. 

Normal Material. It was deemed important simultaneously to con- 
trol the agglutination method by tests taken from normal materia , 
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which consisted of serum from donors which Avas sent to the labora o 5 
for routine control of Wasserman’s reaction. The results of the agglu- 
tination determination of 105 normal sera will he apparent from 

Table 1. 


Table 1. 


No 

agglutina- 

tion 

Agglutination A\’itli dilution of at least 

1/10 

1/20 j 1/40 j 1/80 

1/160 

1/320 1 

1/640 

SO 

19 

1 “ 1 “ 

1 ! 

1 ' 

■ 

— 


94,3 0/0 j "/o 


From the above table it will be observable that 94.3 per cent mani- 
fested either no agglutination or agglutination in 1/10 dilution only, 
Avhilst 5.7 per cent showed agglutination in a 1/20 or higher dilution. 
In view of this result obtained from the control material we feel justi- 
fied in considering 1/20 the lowest »positive« agglutination titre, as 
did Kalbak, and this limit has been used in the evaluation of the in- 
vestigation material. 

Rheumatoid arthritis. Of the above mentioned 206 cases with this 
diagnosis, care was taken not to include any patient who had fallen 
ill with rheumatic fever, because the agglutination tilres of these pa- 
tients are dealt with separately further down. The distribution of the 
maximum titres registered in these 206 cases of rheumatoid arthritis 
is given in Table 2. 


Tabic 2. 


No agglutination 

i 

Agglulinatinalion Avith a ditution of 


or agglutination 1/10 

1/20 

i 1/40 ■ 

1 1 

1 /so 1 1/160 

1/320 

1/640 

66 

23 

: 35 : 

36 ! 24 

i 15 

7 

32,0 o/o 

t 

1 


140 

((iS,0 "/o) 




Whilst 140 cases showed a positive agglutination (titre 1/20 or 
more), agglutination was absent in 66 cases. Thus two thirds of the 
patients exhibited elevated agglutination titre. The number of cases in 
each of the titre classes is rather uniform although it is somewhat less 
m the higher classes. Owing to the resemblance between our technique 
anc that of Kalbak Ave could compare our results best Avith his, and 
ouml that our material exhibited a someAvhat loAver frequenev of 
positive agglutination titres. 

Acu path. Vol. XX\f, 4 
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We also thought it might be interesting to examine the relationship 
between the maximum registered agglutination titre and the maximum 
erythrocyte sedimentation rate (E. S. R.) registered in the course of 
the disease. As the E. S. R. has since long been recognized as the best 
indicator of the intensity of this rheumatic disease, a comparison of 
the two above mentioned maximi may to a certain extent illustrate 
any correlationship existing between the agglutination titres and de- 
gree or stage of the various cases. A comparison of this nature is 
illustrated in Table 3. 


Table 3. 


Maximal agglutination 


Sedimentation rate inm/h 


titre 

1 

21-30 

41-CO 

61-80 



Negative agglutination 

’ 38 

20 

6 

2 



Positive agglutination 1/20 

10 

10 

2 

1 

— 


1/40 

9 

17 

6 

3 

— 

— 

1/80 

11 

14 

4 

4 

3 

— 

1/160 

9 

3 

4 

5 

2 

1 

1/320 

4 

3 

1 

2 

2 

3 

1/640 

2 

— 


0 

1 

2 

1 


The above results prove the existence of a correlationship between 
an elevated agglutination titre and elevated E. S. R. (This is 3.5 times 
the mean error, r = + 0.244 + 0.0685). It is thus usual for an elevated 
E. S. R. to be attended by an elevated agglutination titre and for a low 
E. S. R., by a low titre. 

The antibody most typical of rheumatic fever, antistreptolysin, and 
the E. S. R. show a certain degree of parallelism (Wm&/od, Malmros S: 
Wilander). We now find that there is a clear correlationship also in 
rheumatoid arthritis between the E. S. R. and its typical anti-body, to 
wit, agglutination of this type. It has been suspected that the agglu- 
tination be due to the same disturbance in the balance of the plasma 
proteins as gives rise to an elevated E. S. R. (Packalcn) . Boni and 
Winblad have, however, shown that an elevated E. S. R. in chronic 
pulmonary tuberculosis is not attended by an increase in this type^ of 
agglutination. Tliis means then that the elevation of the agglutination 
titre cannot be attributed to a non-specific cause such as a disturbance 
in the balance of the protein fraction. On the other hand, however, il 
is quite credible that also in rheumatoid arthritis the production of 
antibodies increases with increasing intensity of the disease, as is the 
case with rheumatic fever. 

Rheumatic fever: Seventy'-two cases of rheumatic fever \\ere exa- 
mined for agglutinins of this type. The onset of the disease in e\erj 
case was in the form of rheumatoid arthritis, generally with prodromal 










721 


infections of Uic throat and upper air-ways. The stage to which the 
disease had advanced before these patients sought relief varied, how- 
ever from case to case. Thus some were examined in the acute phase 
of the disease (1st — 2nd month), whilst others came later, and a few 
during both the acute and the later stages of the disease. As known, the 
course of rheumatic fever varies considerably in different patients. 
Whilst some escape with a slight lesion of short duration, it may be 
serious and long in others, and in some people even show a tendency 
to become chronic (formerly called secondary rheumatoid arthritis). 
Conscqucntlj’, when judging this antibody in cases of rheumatic fever, 
we considered it necessary to pay special attention to the age of the 
disease at the time of the examination. 

Table 4 illustrates the age of the diseases and at the same time gives 
the registered values of the agglutination and antistreptolysin titres of 
the patients. 


Table 4. 


Klapse after 
onset 

Agglutination 

Antistreptolysin 

title 

positive j 

1 iici'iilivp j 

|>2no Units 

<200 Units 

Isl— 2nd month. 

.. 1 

1 1^0 ! 

IS 

f) 

3rd-4lh 


i It 

13 1 

3 

5lh— Oth > 

8 

8 


2 

7th-8th > 

3 

0 

f) ! 

4 

> 8th > 

I 

•1 

! 

^ 1 


3 

i 

24 

48 

54 

IS 


Whilst the antistreptolysin litre, as was to he expected, was gene- 
rally elevated in these cases of rheumatic fever, positive agglutination 
"as established only in altogether 24 cases of a total number of 72 
(34.7 per cent). If, however, we observe the occurrence of positive 
agglutination Hires in the various stages of the disease we find that 
such titres are comparatively uncommon during the first four months 
® the disease, hut arc observable in 50 per cent of the cases examined 
our months or more after the onset of the disease. Kalbak found in 
IS material that only 10 per cent of the rheumatic fever cases de- 
ons rated positive agglutination. This percentage probably refers to 
tbaUlf f*oute stage of the disease. From Table 4 it will be apparent 
^ of cases per cent with ])osilive agglutination increases 

“n increasing age of the disc use. 

(cast ser'^ nursed for a long lime do not of course belong to the 
that fypes of rheumatic fever, and those cases in our material 

ure examined over a long period after the onset of the acute 
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stage, also have a tendency to a prolonged course and sometimes to 
chronicity. 

It is therefore presumably possible for a negative agglutination to 
become positive during the course of rheumatic fever. This change was 
observed in five cases in the course of the present investigation. All of 
these cases were patients who during the acute phase showed a high 
antistreptolysin titre with a tendency to drop and which in the course 
of the disease develops a positive agglutination not apparent in the 
acute phase. These cases are illustrated in Figs. 1 — 4. (Anamnesis of 
these cases, see below). This positive agglutination titre becomes ap- 
parent in the 5th — 7th month, which, .judging by the rc.sults of the 
material shown in Table 4. is at a time that might be expected. 

As it is here a question of an antibody appearing relatively late 
in the disease, one wonders whether the patient has contracted some- 
thing else that might explain the occurrence of a new antigen, which 
in turn has given rise to this new antibody. If this be the case, one 
might very well imagine that a new attack of tonsillitis, tonsillectomy 
of the extraction of a tooth might have been responsible for a fresh 
supply of hemolytic streptococci to the circulation. The two last men- 
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Fig. 3. 

Case Ul. Fr. Typical case of rhcumafic fever with positive agglutination 
as from 5tli month. 


tioned measures are common treatment for the elimination of chronic 
infection nests in these patients, and what is more the operations are 
as a rule performed a few montlis after the acute phase has passed 
over. It was only in one of our five cases (Fig. 2) that tonsillectomj' 
had been performed immediately before the agglutination changed 
from negative to positive. In no other case was any such operation re- 
ported nor could the occurrence of any new infection at a time refer- 
able to the positive agglutination be established. The teeth in all the 
patients in question were in good repair and had needed but little 
treatment, and then not before the agglutination had already turned 
positive. 

Another question is also worthy of consideration. Is this aggluti- 
nation a phenomenon of habitually late appearance, a long time after 
ordinary infections with hemolytic streptococci even without the oc- 
currence of a rheumatic complication? An adequately large material 
of cases of uncomplicated streptococcal infections could of course give 
an answer to this question, hut it is hard to collect such material. It 



Case Bi. Sv. Tj^pical 
after the acute stage. 


Fig. -i. 

rheumatic fever witli increasing 


agglutination titre 
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would seem, however, that the answer to the above question will hardlv 
be in the affirmative because elevated agglutination litres are so seldom 
found in normal material in spite of the fact infections with these 
bacteria were common among the population during the time the 
present investigation was being made. In a large material sent for 
Wassermann’s reaction Kalbak was able to show that this type of 
was an attendant of rheumatic disescs onlv. 

We are thus able to conclude that positive agglutination against 
living hemolytic streptococci occurs in of all cases of rheumatoid 
arthritis and in half of the cases of rheumatic fever examined four 
months or more subsequent to the onset of the disease. Such agglu- 
tination, however, is rare during the acute phase of rheumatic fever. 

Discussion. 

The L-agglutination analysed in this investigation is thus char- 
acterized by the fact that it appears late in cases of rheumatic fever 
and otherwise only in such a pronounced chronic disease as rheumatoid 
arthritis. Serologically, it therefore differs from other antibodies inas- 
much it does not become apparent until a long lime after the onset of 
the disease. 

The reason for such a late appearance may be sought in several 
possibilities. We have already mentioned two, viz., that a new in- 
fection or an operation such as tonsillectomy or the extraction of a 
tooth might he responsible for the production of a new antigen at a 
time referable to the retarded agglutination, secondly, that this ag- 
glunation might be a regularly late phenomenon in hemolylical strep- 
tococcal infections. But for reasons mentioned further up, however, 
it seems as if neither of these explanations can he accepted. 

Three more possibilities might he discussed. 

1. Tlie agglutination in question might he due to the individual 
being a chronic bacillary host. After infections with Salmonella lyphi 
(tj'phoid fever) the patient may become a chronic host of this nature 
and in this condition he will show an agglutination especially against 
Vi-antigen, an agglutination appearing only late after the primary 
infection. Analogically this agglutination against hemolytic strepto- 
cocci means that the patient is a bacillary host of hemolytic strepto- 
cocci. Kalbak pointed out that an intravenous injection of living or 
killed hemolytic streptococci will cause a greater production of anti- 
bacterial antibodies, such as agglutinins, than antitoxic antibodies, 
such as antistreptolysin. As far as rheumatic diseases arc concerned 
the assumption of a continuous bacterial activity has been indefensible 
as the essential factor responsible for the rheumatic disease, because 
neither sulphathcrapy nor penicillin will produce any alleviation. But 
this is no evidence of the agglutination not being ascribablc to the 
existence of residual hemolytic streptococci in the body, it still being 
uncertain whether the existence of agglutinins or survived hemolytic 
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streptococci is necessary for the continuation of the rheumatic 

2. The agglutination might possiblj^ be explained by the assumption 
that the hemolytic streptococci change in such a manner during the 
disease that the 5 ' develop a new antigen that does not appear in the 
acute stage but only after the elapse of some time and that this new 
antigen in turn stimulates the arisal of L-agglutinins. Examinations 
in vitro showed that only certain strains were suitable for this ag- 
glutination reaction, because they not agglutinize spontaneously unless 
they arc encapsulated, in which case they are void of agglutinability 
(Thulin). Preliminary experiments (Winblad) showed that labo- 
ratory cultures grown on hut poor substrate are occasionally usable 
as an antigen in the reaction. In other words it would seem as if these 
cultures, when grown on meagre media exudated a surface-antigen 
that is responsible for this reaction. Recently Timlin succeeded in 
obtaining an electron-micrograph of the substance which, located on 
the surface of the culture SF 130, is probably the active antigen factor. 
In analogy with these experiments in vitro it is feasible that the 
hemolytic streptococci may during the period they survive in the or- 
ganism after an infection, exudate this superficial antigen, which in 
turn gives rise to the L-agglutinin. So far, this is of course to be 
considered only a hypothesis for future studies. 

3. A further possibility is, as pointed out in the preamble, that 
the L-agglutination is not an anligen-anlibod.v reaction but a non- 
specific flocculation phenomenon. This theory is brought forward by 
Wallis on the basis of agglutination experiments with decapsulaled 
pneumococci and colloidium particles. Further experiments are, how- 
ever, necessary before this obviously bold theory can be accepted, 

L-agglutination absorbs much interest in the discussion of the 
genesis of rheumatoid arthritis. It may to a certain extent increase the 
diagnostical knowledge available for clinicians when diagnosing cases 
with chronic arthritic trouble. Its application is, liowcver, limited by 
the fact that only % of the cases show positive agglutination titres. 
This type of agglutination is of great interest for continued theoretical 
research work on serological reactions in rheumatic diseases because 
it stimulates to attack the problem from a new’ angle. 


Casuisiics of the cases illuslralcd in Figs. / — 4. 

^ied. dept. J. N. 1291/46. Treated 
7,, , Diagnosis; Febris rcumalica. Fell ill without preceding infection 
weeks before admittance for pains, swelling and stiffness of left knee joint, 
mvfii ankles gi-adually gave trouble, which had, however, 

fn f 1 Dme before admittance, when the trouble was limited 

to 1 C ™ mni/h. On admittance it had sunk 

streptohSn ^^“spitalization: Clear signs of endocarditis. Anti- 
rate (AST), agglutination (Aggl.) and Erythrocyte sedimentation 

>'ue (ii.b.R.): see Fig. 1 (left). 

^la. Ar. (Fig. ). Female. 31 yrs. Rheum. Dept. Lund. Treated 4/10—12/12/46- 
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Diagnosis: Febris rhcumatica c. artritidc. Fell ill 4/5 with inflammation of 
the throat and high fever. _17/o high fever again and shivering as well ns 
aches m tfie whole body. 18/5 she developed pains in her right ankle and later 

in the right knee joint. Temp, 
then 89.b C. Soon afterwards other joints were also engaged. Treated at 
another hosp. 7/6—17/6/1946. E.S.B. then 22 mm/h. Tonsillectomy performed 
there. On admittance: Teeth in good state of repair. Previous site of tonsils 
free of irritation. Normal pharyngal mucous membrane. Both ankles and the 
joints of the small toe engaged. Improvement during hosp. sojourn No ope- 
rative treatment there. AST, Aggl. and E.S.B. see Fig. 1. (right). 

St. No. (Fig. 2j. Male. 20 jws. Bheum. Dept. 17/1—13/7/1946. Diag: Febris 
reumatica c. artritide et endocarditide. Fell ill at end of March 1944 with 
fever and inflammation of the throat. Temp. 39.2 ‘’C. Treated at military 
hospital 24/4 — 23/9/1944 for febris reumatica. All joints free of pain on dis- 
charge. In Oct. 1945 again inflammation of the throat and high fever, and 
abscess in the throat. Immediately afterwards, slight acute pains in the 
wrist-, ankle-, and shoulder-joints. Again admitted to iMilitary hosp. until 
20/12/45 when he was sent home until he could be admitted to a Bheum. 
Clinic. E.S.B. was then 45 mm/h. admitted at above Dept. 17/1/40. Was then 
ill, tired and weak. Pharjmgal mucous membrane was slightly granulated 
and his tonsils were enlarged and hypertrophic but without suppuration. 
Teeth in good state of repair. Auscultation: prolonged sj'stolic mui-mur and a 
pre-systolic murmur over left Ig. Dorsally to the capillitium protuberances the 
size of a hazel nut and of the nodular type were palpated. Ankle-, shoulder-, 
elbow-, wrist-, and finger-joints were engaged. Peri-edematous swelling 


around the joints of the foot, toe and wists. ASL, Aggl. and E.S.B., see 
Fig. 2. 

Ul. Fr. (Fig. 3). Female. 23 yrs. Bheumatic Clinic. 8/4—13/7/1946. Diagnosis: 
Febris reumatica c. endocarditide. Valvular lesion. For a short time in .Tuli 
1945 the patient had a swollen right ankle. Fell ill in beginning of Doc. 1945 
with a chill, cold in the head and a sore throat as well as with nodular rash 
on the legs. In the middle of Dec. the left tarsus began to swell. After a few 
days the knee joints and the right ankle were also engaged. E.S.B. was then 
30 mra/H. Tonsillectomy in 1932. Status on admittance: teeth in good state of 
repair, throat normal, and clean tonsil bed. In left sub-mandibular angle a 
lymphadenitis. Over the heart harsh systolic murmurs with punct. max. in 
left Ig adjacent the sterum. .Toints somewhat tender. During hosp. sojourn 
gradual improvement. ASL, Aggl. and E.S.B. see Fig. 3. 

Bi. Sv. (Fig. 4j. Female. 22 yrs. Bheum. Clinic. 4/4—13/7/1940. Diagnosis: 
Febris reumatica c. artritide. Valvular lesion. In Dec. 1944 the patient had 
inflammation of the throat, fever and an E.S.B. of 50 mm/h was registeicd. 
The joints had, however, given the patient no trouble at all. In .Tan. 194;> 
mitral stenosis was established. 15/1/40 the patient fell ill with fever and 
tenderness over the left wrist joint. E.S.B. 30/mm/h. Then fever and pains in 
several joints which swole. On admittance: Teeth in good repair, normal 
throat and no palpable lymphadentis. Auscultation: systolic and diastolic 
murmurs. Bight wrist-, and right finger joints were engaged Symptoms 
gradually decreased. 13/10/47 new attack of pains in left ^’nst joint with 
peritendinitis over back of hand. ASL. Aggl. and E.S.B., see Fig. 4. 


Summanj- 

The designation L-agglulinalion is suggested for the agglulinalion 
against living hemolytic streptococci and observable in the sera o 
patients with rheumatoid arthritis, as distinguished from 0-agglutina 
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lion, which is the agglutination against autoclaved hemolytic strepto- 

Of 206 cases of chronic polyarthritis 140 (68 per cent) showed 
positive L-agglutination (in a dilution of or more), such agglu- 
tination being observable only in 5.7 per cent of a normal material. 

An actual corrclationship was discernible between the E.S.R. and 
the agglutination titre, elevated E.S.R. generally being attended by 
high agglutination titre. 

Of 72 cases of rheumatic fever 24 (34.7 per cent) showed positive 
agglutination. Of these cases positive agglutination was, however, rare 
during the first four months but occurred in about fifty per cent of 
the cases after this elapse. Cases of rheumatic fever tending to be 
prolonged and become chronic often showed agglutination, which, how- 
ever, did not begin to appear until 4 — 7 months after the onset of 
the disease. 

L-agglutination is characterized by the fact that it occurs only in 
rheumatoid arthritic patients and in the late stage of rheumatic fever. 
Various possible explanations of this antibody and its retarded ap- 
pearance are discussed. The most feasible explanation seems to be that 
survived hemolytic streptococci form a new superficial antigen on the 
body of the bacteria and that this antigen stimulates the production 
of the antibody exhibiting itself in the form of L-agglutinins. 
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THE BLOOD GROUP SYSTEM L. 

A NEW BLOOD GROUP L,. 

A CASE OF EPISTASY WITHIN THE BLOOD GROUPS.. 

By P. H. Andre.'sen. 

(Received foi- publication May 12th, 1948.) 

In a previous paper^) the blood group L has been described. By 
means of a serum »Anna Eriksen«*) it has been demonstrated that the 
described anti-L quite corresponds to the anti-Lewis described by 
Mourant-), so that the groups L and »Lo\vis« are identical. 

Shortly after my above report had appeared, I succeeded in demon- 
strating an additional agglutinin, and even the first investigations 
showed the very near relation of the corresponding receptor L, to the 
receptor L, both these receptors never being found simultaneously in 
the same adult person. (Hereafter L (Lewis) will be designated L,). 

The first examinations are collected in table I. (As the man in 
question belonged to group A,MN, and the scrum contained a strong 
anti-B which was difficult to eliminate, these examinations have been 
made onlj^ on blood samples from persons of the groups O, A,, and 
AJ. 

Table I. 


Group: Lj+L^ — 

105 

Adults: (20 %) 

L-L 3 + 

300 

(57.1 %) 

L, + L„+ 
0 ( 8 -) ‘ 
(1.5%) 

L'-L,— 

112 

(21.4%) 

Total 

525 

Children of 

0 12 months: 61 

t3S.3 %) 

■) Lj +, but weak. 

20 

(12.5 %) 

44 

(27.9 %) 

34 

(21.3 %) 

159 


') Supplied me through the kindncs.s of Dr. 0. Hartmann, Oslo. 
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Table / shows the near relation between Lj and L,, and the findings 
in the children show that U has the characters which should be ex- 
pected in the allele blood group character corresponding to L,^), the 
character not developing until rather late and dominating only in 
adults. However, the group L L.,— gives rise to reflexion, as it could 
not be anticipated. 

A close study of the occurrence of the grouj) Lj — L„ — shows, how- 
ever that table I docs not give a correct picture of its occurrence. It 
was soon discovered that the type O L,— L— was much more rare 
than the type AjLi — L„ — , and consequently it was necessary to divide 
the material according to the groups within the ABO system. From 
tabic II is seen the distribution of the characters and L, — within 
the groups Aj, A„, and O. 

Table //. 



L„+ 

L„— 

Total 

Group Aj 
» A„ 

77 (41.8%) 

107 (.58.2%) 

184 

52 (70.0%) 

23 (.30 0 %) 

75 

» 0“ 

199 (72.0%) 

77 ^28.0%) 

27G 


328 (02 %) 

207 (38 %) 

528 

Distribution of the ciiaractor.s L„+ and L„ — 

within the groups 0, 

A, and 


From the table it is evident that there must be some relation or 
•other between the occurrence of the characters A, and L„, whereas no 
relation between the receptor L, and the other types has been found 
at the previous examinations. 

As the groups Aj and L,, no doubt, arc inherited quite indepen- 
dently of each other, it is to he assumed that the finding may be 
accounted for by the fact that the mere presence of the characters A, 
(or the corresponding gene) inhibits the development of the receptor 
U, which corro.sponds to the phenomen in genetics designated 
epistasy. 

The epistasy in question is, however, only incomplete, A, inhibiting 
the development of L„ only in a certain number of cases. Once this 
phenomenon had been realized, recognition was attained that it was 
always just in persons of type A, that reactions with anti-U were 
ound which were weaker or which in some cases were uncertain. 

After these observations had been made, it was deemed most 
icasonablc preliminarily to continue only the investigations withing 
group 0 (even if conditions seemed to be quite similar in type A„). 
later^^^^'^*^^'^'^^^ ^ subjected to a special examination 

•chid” ^”^^^1 recorded some investigations within group O, in- 

ing only the cases examined after the mentioned epistasy had 
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been realized, and in which all cases of OL, — L „ — have been 
to a special examination. ' 


subjected 


Table III, 


Lj+L,+ Lj+L„ L^— L„+ Total 

0 0 46 (20 %) 178 (74%) 14 (G %) 238 

Distribution of the groups in the L system within group 0. 


Tlie table shotvs that the phenotype Lj — L„ — is found in group 0, 
and repeated examinations in the same person have shown that this 
is a reality which has not been brought about by impairment of the 
blood corpuscles (transport etc.). 

So far, it has not been possible to explain this phenomenon. Possibly 
it is a phenotypical aspect caused by an impairing factor (in analogy 
with the relations of L, to group A,), possibly the group is due to a 
special allele gene; later investignations may reveal this. Already the 
isolated examination of the receptor Lj showed that the phenotype 
differed very much in adults and infants. Tiiis is confirmed even by 
table I, from which it is seen that the lack of the receptor Lj is much 
more frequent in children than in adults. Tliis is also the case, even 
if only children of group O are taken into consideration. From a state- 
ment corresponding to table II it is seen that h„+ is found in 48 per 
cent of children belonging to group O (72 per cent in adults); this 
phenomenon is still more pronounced, if only children between 1 and 
6 months are considered. 

In order to supplement the investigations in children, the blood 
from 50 newborn children has also been examined immediately after 
their birth, and here it proves that both the receptors L, and L„ are so 
weak that they cannot be demonstrated by the usual technique. When 
much anti-Lj serum is employed, the receptor Lj can be demonstrated 
in some cases also in the newborn immediately after their birth. 

The demonstration of the receptor has confirmed the theory 
advanced in my first paper on the receptor L, of the presence of an 
allele group character and thus corroborated the advanced theory of 
inheritance, but on account of the presence of group Lj-L,- it is not 
yet possible to establish the inheritance with certainty. ^ 

Tlie mentioned anti-L^ was found in a man of group A,MN who 
had never had any transfusion of blood, and it may be added that it 
has been possible to demonstrate anti-L,, in two men who had ne\er 
had any blood transfusions. 


Summary. 

A new iso-agglutinin is demonstrated which reacts with a receptor 
designated L„, and which together with the pre\iousl 5 descmc( re 
ceplor L, forms a blood group system, the two receptors never l)eing 
recognizable simultaneously in adults, L, dominating L,* 



The lack of these two characters is demonstrated in about 20 per 
cent of the persons studied, but it is shown that in most cases this 
lack is due to an epistatic action of the A, gene against the receptor L,^; 
only in abt. 6 per cent of the cases the lack of both characters cannot 
he accounted for in this way. 

Both receptors (Lj and L„) are absent or extremely weak at birth, 
hut after that the character L, develops more rapidly than L„. 

Both the iso-agglutinin anti-L, and anti-L, arc found spontaneously 
not only in mothers, hut also in men and do not demand any preceding 
immunization; in this respect they resemble anti-P and deviate from 
the rhesus agglutinins. 
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ON ADENOLYMPHOMA 

By William Kiccr. 

(Beceived for publication May 21st 1948.) 

The term adenolymphoma (synonyms: papillary cystadenoma in 
lymph glands, branchiogenic adenoma, onkocytoma.) signifies a 
benign, connective tissue-encapsulated, histologically very charac- 
teristic tumor, made up of lymphoid tissue and characteristic tubular 
structures, and localized to the parotid or submaxillary regions. This 
form of tumor has been looked upon as exceedingly rare, and prior to 
1945 only about fifty cases of such tumors had been reported — which 
number hardly may be taken as any reliable expression for the fre- 
quency of the tumor. Thus, Carmichael et al. have published 8 cases 
observed by themselves, and Nino found 7 adenolymphonias among 
seventy parotid tumors received for examination from the University 
Clinic of Surgery, Buenos Aires. Bilateral occurrence of this tumor has 
been reported only twice (Carmichael et al. and Nino). 

In the following an account will be given of two cases of adeno- 
lymphoma (one bilateral), besides one case of a peculiar »mixcd 
salivary gland tumor« which histologicallj' appears related to the 
adenolymphoma (see belo\v). 


Case I: (K 24443— R 43G14). 

The patient was a man, G5 years old, wlio for one year liad liad a tumor at 
the left angle of the mandible. Now it was of plumsize, somewhat protruding, 
rather soft, indolent, movable, non fluctuating. 

On 25/1 — 44 exploratory puncture was performed, after which the tumor 
became somewhat smaller. Cytologic examination of the punctate gave no 
definite result, owing to necrosis. 

13/4—44: E.xtirpation of the tumor: Under the left angle of the mandible, 
a little beneath the surface there was a tumor, as large as a lien’s egg, smooth, 
quite thin-walled, non adherent that could be removed without any difficulty, 
ft contained mushy, bluish-red and soft tissue together with small cluster.^ 
of yellowish vesicles. Sections from the tumor showed large amounts of 
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ivmphoid tissue with numerous germinal centers, besides regulai tubulai 
stractures lined with regular double layer of eosinophil columnar epithelium, 
gome of the tubular strpctures were dilated so as to form small cavities, 
into which polyps were projecting from the wall. These polyps were covered 
Si tlrn same epithelium as the tubules. The larger polyps were provided 
with an edematous, degenerated, stroma, and it was such polyps which 
macroscopically appeared as clusters of vesicles. 


Fig. L 

Lymfoid tissue with tubular structures. (25 X) 



Microscopic diagnosis: Adenolymplioma (Fridtjof Bang). 

After three years the patient returned on account of a small ulcer that 
would not heal, located just over the right angle of the mandible. Besides, 
for some weeks he had noticed a small node under the right angle of the 
mandible that gave him no inconvenience. Microscopy of the ulceration 
showed a planocellular parakeratotic carcinoma. It was treated with radium. 

Under the right angle of the mandible there was found a small firm tumor 
(size of a har.el-nut) which did not infiltrate the surroundings. Clicinally the 
possibility of e metastasis could not be excluded. Under three weeks’ observa- 
lion it became a little smaller and softer. No sign of recurrence on the left 
side of the neck. 

2/4—47: Extirpation of the tumor under the right angle of the mandible: 
Ihe intumescence vas a little larger than a nut kernel, situated just beneath 
m subcutaneous tvssue, immediately in front of the vessels. This tumor 
Piactically slipped out. On section, the cut-surface was greyish, with a 
gfanular center; consistency not firm. Histological examination showed tumor 
issue of exactly the same character as seen in the tumor removed from the 
Pposite side three years before. 

Microscopic diagnosis: (Fridtjof Bang) Adenolymplioma. 
emoglobin: 95 %. Sedimentation rate: 15 and 8 mm. Microphotos 1 and 2- 
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•Cflsc 2. (K 27332). 

The patient was a woman, G1 years old, in wliom, 19 years before, n cyst 
over the right clavicle had been removed, in another hospital. That cyst liad 
not been examined microscopically. 

Now the patient seeks medical advice for a tumor situated behind the 
left angle of the mandible. This tumor gave no particular symptoms, but 
lately it had been increasing in size. Now it was as large as a plum, well 
isolated, soft, freely movable in relation to the skin and the underlying struc- 
tures. Two explorative punctures gave no definite result (both times it was 
impossible in this way to obtain any tissue suitable for examination). 

Only on biopsy could the diagnosis be made: adenolj-mphoma. 

During two months’ observation the intumescence decreased somewhat in 
size. 

5/11 — 45: Extirpation of the tumor. 

The tumor was a little over wallnut-size and extended up behind the 
ramus mandibulae. It was removed without any difficulty. On section the 
cut-surface appeai’ed somewliat ncci'otic, otherwise brownish red, rather 
edematous. 

Histological examinations: Tumor .tissue of the same appearance ns the 
preceding tumors prescribed. 



Fig. 2. 

Regular double layer of columnar epithelium 
The inner layer with luminal nuclei. (140 ) 


Micros'coj)ic diagnosis: (Fridtjof Bang) Adcnoljmphom.i. 
Hemoglobin: 83 — 99 % sedimentation rate. !>. 15 mm. 
Reexamination, 1 year later: No sign of rccunence. 
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Clinical Aspects. 

The luinor occurs most frcquenlly in iniddlc-agccl and elderly men. 
The average age al Avhicli il is noticed is 54 years. The sex distribution 
is striking, the tumor being 6 times more frequent in men than in 
women — a proportion of which no reasonable explanation may l)c 
given at present. The site of choice is the parotid region, especially 
at the angle of the mandible, while in rare cases it has been encount- 
ered in the suhmaxillary region. Among 28 adenolymphomas gathered 
from the literature by Nino, 25 were located in the parotid region only 
three in the suhmaxillary region. So far, no adenolymphoma has been 
described without relation to the two large salhmry glands. Not in- 
frequently the growth of the tumor is peculiar, giving unjustified 
suspicion of malignancy: As a rule, then, the tumor keeps stationary 
for years, or it grows but slowly, or varies a little in size, whereafter it 
suddenly grows rapidly, increasing markedly in size from accumulation 
of secretion or inflammatory processes. In 3 of the cases reported by 
Carmichael and in one of the present cases there was a sudden increase 
in the size of the tumor. 

Besides, large tumors may cause pressure atrophy of the skin, with- 
out invading the skin. The smallest tumors described have been as 
large as nut kernels, the largest ones of mandarine size. Most often 
the consistency is softer and hardly so hclerogcneous as that of the 
mixed tumors, although they may become hard and tense from ac- 
cumulation of secretion. On the whole they are submitted to treatment 
later than the mixed tumors; and they arc more mobile, more super- 
ficial and easier to enucleate. Apart from some tenderness on sudden 
growth, the adenolymphoma gives hut few complaints or none at all, 
on Avliicli account its preoperative duration often is long, averaging 
6 years. 

Owing to the relative scarcity of this tumor and its location in 
relation to the lymph nodes of the neck and to the large salivary glands, 
the clinical diagnosis of adenolymphoma is difficult. Thus, Carmichael 
(1935) slates that up to that time the diagnosis had never been made 
preoperativcly. Subsequent authors (Ramage ci al. and Nino) empha- 
size the diagnostic value of asiriration biop.sy; and yet the result may 
turn out negative on account of necrosis — just as in Nino’s case of 
bilateral adenolymphoma and in both cases here presented. Ex- 
ceptionally, adenolymphoma may occur in children, and besides being 
bilateral, also multiccntric tumors may arise in relation to the same 
s and. In these cases the histological picture is often deviating from 

le normal, and possibly these more or less atypical adenolymphomas 
may contribute to an understanding of the histogenesis of the tumor, 

1 V uch account they will be discussed in detail. 


Acta path. Vol. XXV, 4 
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Macroscopic Features: 

The tumor is roundish or somewhat flattened, with a lobular or 
finely granular surface, of variable consistency, depending on Ihc 
amount of secretion and size of the cysts. On section, the cut-surface 
is often characteristic, rcddi.sh-grcy solid areas alternating with cysts 
that present a mucoid content and papillipherous formations (in the 
writer’s cases resembling a hydatidiform mole). There is a well 
developed, though sometimes thin, connective tissue capsule, from 
^yhich septa may extend into the parenchyma. When the cyst forma- 
tion is pronounced, the diagnosis may he made macroscopically; if not, 
the differential diagnosis from mixed tumour, metastatic tumor and 
tuberculosis may be difficult, depending upon the location of the 
tumor, capsule formation and possible presence of necrosis. (In neither 
of the cases here reported was there any macroscopic cyst formation, 
possibly because of the relatively short preoperative duration of the 
tumors and their relatively modest size). 


Microscopic Features. 

The tumor is built up of two components: lymphoid li.ssue and 
epithelial elements. Most often the lymphoid tissue is abimdanl, with 
distinct germinal centers, and sometimes with scallcred plasma cells 
and eosinophil leukocytes. A differentiation into cortical and medullary 
substance has been described, and Albrecht ct Arzl look upon this 
tissue as being undoubtedlj'^ lymph node tissue, whereas Hampcrl and 
several investigators emphasize that the more detailed structure of 
the lymph node wth trabeculae, lymph sinuses etc. are lacking. Here 
and there, areas of necrosis or hyalin masses may be seen. Embedded 
in the lymphatic tissue, and separated from it merely by an exceeding- 
ly thin layer of loose connective tissue, a great number of tubular 
structures are seen, regular in form, often distended into cysts, and 
sometimes presenting polyp-like projections from the wall. The gland- 
ular tubes and the polyps are lined with a characteristic regular 
epithelium consisting of one or two layers of high, slender, eosinophil 
columnar cells without cilia. Tlic inner layer is always regular with 
luminal nuclei, while the outer layer — the basal layer is less 
regular, and here the nuclei are rather basal. In typical cases, Ibcn, 
we meet with two rows of nuclei: one luminal, the other basal. Tlic 
nuclei are fairly large, round or slightly oval, varying in slainabilitj. 
Only a few mitotic figures are seen. 

As demonstrated by Hampcrl, these cells strikingly remind of a 
cell type occurring in normal salivary glands that Hampcrl designates 
as »onkocytes« (see below). Both the luminal and the basal cells 
contain a fine eosinophil network in the mc.shcs of which small ar- 
gcntophil granules may be demonstrated. Between the network there 
is vacuolized protoplasm staining pink with eosin. In Mallory-stained 



sections Jaffe has demonstrated intercellular secretory capillaiies, 
^vllicll in some areas can he made out in every cell, Avhile m othei 
areas they arc scanty. The contents of the cysts are either finely 
ffranular and slightly eosinophil or homogeneously colloid-like and 
markedly eosinophil. Cholesterol cr3'slals are seen as well as des- 
quamated epithelial cells, necrotic papillary fragments, and small 
concentric stratified formations reminding of corpora amylacca. 
Eosinophil droplets of secretion are often seen on the surface of the 
columnar cells. 


Prognosis. 

Adcnols'mphoma is generallj’^ looked upon as a henign tumor. Still, 
among the 50 odd cases reported, the tumor has been recurrent in 1 
case, malignant in 3 cases. 

Carmichael et al. have reported one case of recurrence of the tumor 
after its operative removal, hut neither tumor showed any clinical or 
histological sign of malignanc3^ 

Ramagc et al. state that possibly this may not have been an instance 
of true recurrence hut rather a small tumor that was overlooked at 
the first operation. In their own case of bilateral adenolymphoma these 
authors found two adjacent though separate tumors on one side. Also 
Grucnfeld & Jorstad have described a multicentric adenolymphoma. 

Throughout the literature on adenolymphoma mention has been 
made of two malignant cases, one described by Ssobolew the other by 
Stohr & Risak. 

Ssobolew’s malignant adenolj'inphoma came from a middle-aged 
man in whom a rapidly growing, non-capsulatcd tumor was removed 
from the parotid region. The author received three pieces of tissue for 
microscopj', one of which showed areas of adenomatous and papilloma- 
tous, less frequently solid, carcinoma, whereas the remaining two 
pieces showed an encapsulated adenolymphoma with verj' well 
developed branching and communicating, papilliferous formations in 
the cysts and with characteristic epithelial lining. The patient died a 
few days after the operation from some other cause. 

Ssobolew admits that there was no demonstrable transition in this 
specimen from adenolymphoma to carcinoma. Still he maintains the 
diagnosis of carcinoma arising from adenolymphoma, without taking 
other possibilities into consideration — e. g., a regional coincidence 
0 two different tumors, one of which was an adenolyunphoma, while 
me other may have been a metastatic carcinoma or a primary parotid 
carcinoma of the papillomatous ty’pe. 

So It will be justified to claim that in this case the diagnosis of 

a cnolymphoma undergoing malignancy cannot be said to have been 
established. 

Stohr & Risak have reported the case of a boy, 21/2 years old, in 
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whom, wilhing 8 weeks, there developed a stone-hard tumor, measu- 
ring 6X4X1% cm. in front of the right car. It was difficult to remove 
and it seemed to have occupied the entire parotid space. No normal 
parotid tis.sue could be recognized. There was no enlargement of the 
regional lymph nodes. The patient was discharged as well, and no 
reexamination was made. Macroscopically the tumor rcscmhlcd a 
benign adenoljTnphoma with cj'st formation. Microscopic examination 
showed a well-developed capsule surrounding the sharply defined 
lobulated tissue. Some lobules consisted entirely of well-differentiated 
lymphoid tissue, while others contained structures reminding of 
salivary ducts. Finally, some lobules were made up of papillomatous 
cysts, lined with eosinophil epithelium ; there were luminal columnar 
epithelial cells and 2 — 3 basal rows of cuboidal or polygonal epithelial 
cells with many mitotic figures. In relation to the papillomatous areas, 
the reactive centers of the lymphoid tissue were flattened somewhat. 

Stohr & Risak took their case to illustrate a defective anlagc of the 
parotis with developmental disturbances, and they clas.sificd the tumor 
as a cystadenolymphoma of the parotis. They state that the relation 
of the tumor to its surroundings as well as its rapid growth were 
suggestive of malignancy. But the authors fail to take any definite 
stand on this problem beyond emphasizing the presence of many 
mitotic figures in the basal layers of the epithelium. No invasion by 
these elements into the lymphoid tissue was described — let alone 
invasion of the capsule or the surroundings — nor was any evidence 
of such invasion seen in the microphotos. 

So, in this case too, no malignancy of the tumor has been proved; 
nor is it very likely that the authors themselves took this tumor to 
be malignant. Still, in the literature, it has been reckoned as an un- 
questionable instance of malignant adenolymphoma. 

Finally, in the more recent literature, Lloyd has described an 
instance of an adenolymphoma-like tumor with rcticulosarkomatous 
transformation of the stroma, while the epithelial component showed 
no evidence of malignant proliferation. 


Histofjenesis. 

Concerning the origin of the adenolymphoma 2 hypotheses have 
been advanced. Askanazy and a few other investigators 'thought that 
this would be a matter of branchiogcnic tumors, analogous with the 
wellknown branchiogenic fistulas and cysts encountered farther down 
on the neck and likewise containing lymphoid tissue and spaces lined 
with epithelium. The other view — that here we are dealing wi li 
aberrant salivary gland tissue — was advanced already by Albrecht 
& Arzt, who were the first to describe an adenolymphoma. liic.v 
pointed out the similarity sometimes seen between the epithcliiiin in 
the tumor and the epithelium of normal excretory ducts of the sa i\nr> 
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elands; furthermore — like Jaffe subsequently — they also found 
duct-like structures and acini in the capsule as well as in the con- 
nective tissue septa radiating from the capsule into the tumor. This 
view becomes of particular interest if we correlate it with the studies 
reported by Neisse and with Hampcrl’s demonstration of the »onko- 
cytes«, also with various atypical cases of adenolymphonia. 

In fetuses Neisse has found numerous scattered lymph nodes 
containing salivary gland tissue, corresponding to the anlage of the 
parotis and the submaxillary gland. To begin with, these Ijunph nodes 
are located diffusely, enclosing also salivary gland tissue, but gradual- 
ly they become well defined, forming the pre-auricular lymph nodes. 
In nearly all newborn children such salivary gland tissue may be de- 
monstrated within these lymph nodes, and sometimes it persists also 
in adults. So it seems obvious to explain the origin of the »at 5 'pical« 
adenolymphonia reported by Stohr & Risak in a boy of 2^/^ years in 
keeping with the studies reported by Neisse. Further the characteristic 
thorough mixture of glandular structures and lymphoid tissues in 
typical adenolymiphoma may undoubtedly be explained in this waj' too. 

Subsequently Hamperl called attention to the »onkocyte« {i.e., 
»Swollen cells«), which also normally differentiate in the excretory 
ducts of the salivary glands with increasing age, and which strikingly 
resemble the characteristic epithelial cells in the adenolymphomas. 
After the age of seventy these cells may be found almost regularly, 
while they nearly almost are absent before the age of tivenlj'. Hamperl 
also demonstrated focal »onkocytic« hyperplasia in elderly patients 
as well as transitions to adenomatous structures combined with 
Ij'mphoid tissues. Onkocytes have been demonstrated also in the 
pancreas and parathyroid (Hamperl), in the pituitary (Loffler and 
others), even in the glandular epithelium of the Faloppian canal 
(Hamperl), and recently in the mucus membrane of the nose and larynx 
(Nohteri), but no adenolymphoma has yet been described outside the 
parotid and submaxillary regions. On the other hand, onkocytes may 
enter into the make-up of benign tumors of various organs — and 
exceptionally in malignant tumors too as, for instance, in the malig- 
nant adenoma of the thyroid described by Langhans. Nohteri has de- 
scribed an internal laryngeal cyst lined with onkocytes, but lymphoid 
tissue was not seen, and it was not a branchiogenic cyst. In addition, in 
the nasal and laryngeal mucus membrane in old people, Nohteri has 
now and then observed a tendency to adenomatous proliferation. He 
thinks that the onkocytes are cells that loose their original functional 
capacity and then undergo redifferentiation. Owing to the capacity of 
t lese cells for proliferation it seems hardly likely to be a degenerative 
pienomenon; indeed, no relation has been found betxveen senile 
vascular changes and the occurrence of onkocytes. 

Perhaps the case reported by Gruenfeld & Jorstad represents a 
transitional form from Hamperl’s focal onkocytic hyperplasia to clear- 
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cut adenolymphoma. These 2 authors found an encapsulated tumor, 
which again contained several small tumors which were separated 
mutually by fibrous connective tissue or by areas of normal salivary 
gland parenchyma. From the description and microphoto these in- 
dividual small tumors appear to he closely related to the typical 
adenolymphoma, and by serial sectioning the authors were able to 
demonstrate the starting point of groups of tumor cells in an excretory 
duct. 

This conception of the histogenesis of the adenolymphoma finds 
support in the following case of »mixed salivary gland tumor® from the 
Histopathological Lahoratoiy of the Radium Station: 

Case 3. (K 32251). 

Tlie patient was a woman, 74 years old, who for (lie last S — 10 years had 
Iiad a small tumor of the prolahium on the left .side of the uiiiier lip. Now it 
had attained the size of a pigeon egg; it was firm, indolent and well defined. 
Tlie tumor wa,s easily removed in tolo. The surface was slightly nodular, the 
cut-surface wliitc in color. Histological examination showed a well defined 
tumor tissue which in some areas was built up (luite regularly of close-packed 
tubular canals lined with eosinophil columnar epithelium of the type seen in 
adenolymphoma of the salivary glands (onkocytes). Hut there u’as no lymph- 
atic tissue in the stroma. In another part of the tumor the siruclurc was more 
irregular, the cells in the glandular tubes appearing hero in several layers, 
being poorly differentiated, and often forming small solid heaps in a stroma 



F/f/. 

Mixed tumor with tubular structures 
.and onkocytes. {2.5 
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— like tlie stroma in mixed tumors of the salivary glands is 

With onkocytes. 

{Microphotos 3,4). 



Fig. f>. 

Transition from onkocytes to the smaller colls 
in the mixed tumor. (140 X) 


This case, in which a pari of the linuor shows a structure greatly 
reminding of the epithelial component of llie adenolymphoma (though 
without the chai'acterisUc arrangement of the nuclei), while another 
part shows a typical »mixed salivary gland tuinor« speaks in favor 
of the view that the epithelial elements of adenolymphoma develop 
from special salivary gland cells, while it also lends support to the 
theory that the socallcd mixed salivary gland tumors are to be looked 
upon as adenomas with secondary changes. 

Histologically quite typical mullicentric (or bilateral) instances of 
adenolymphoma have been reported by Nino and by Ramage et al., to 
which now ma 3 ' be added one of the cases here presented. 

It is still an unsettled question whether the Ijunphalic tissue takes 
any active part in the tumor formation. A certain relation between 
the proliferation of the onkocj’tes and the occurrence of the active 
centers in the lymphoid tissue has been taken to signifj’^ a tumor 
activity of this tissue. But, as pointed out by’^ Jaffe, such reactive 
centers will develop at any time when increased absorption in the 
lymphoid tissue is required. So this circumstance may conceivably' 
«ffer an explanation of the frequent, though not constant, parallelism 
Jetween the onkocytes and the lymphatic tissue. 
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The various studies and considerations cited here, I think, are 
probably to he interpreted to this effect; adenolymphomas arc benign 
tumors, arising from embryonal anlagen of salivary gland tissue, in 
particular from onkocytes in the excretory ducts of these anlagen. 
Like^^ise, the lymphoid stroma is made up of embryonal remnants 
from these anlagen that have undergone hypertrophy in the coordina- 
tion with the proliferation of the onkocytes. 

The treatment of these tumors consists in operative removal. X-ray 
treatment may give a considerable reduction in the size of the tumor, 
but not complete disappearance. As a possible explanation of the effecl 
of radiotheraphj', Ramage et at. mention a decrease in the secretion, 
but it seems reasonable also to point out that lymphoid tissue gene- 
rally is very sensitive to irradiation. 


Summary. 

Two cases of typical adenolymphoma are reported, one of them 
bilateral. In both cases the diagnosis was uncertain until histologic 
examination had been made. Aspiration biopsy was performed wilhoul 
success, owing to necrosis. 

On the basis of previous communications, the writer gives a survey 
of the clinical and pathological aspects of adenolymphoma, pointing 
out that so far no case has been described of unquestionable trans- 
formation of adenolymphoma into carcinoma, whereas an instance 
of reticulosarcoma in an adenolymphoma has been reported. The histo- 
genesis of the tumor is discussed and, for elucidation of this question, 
mention is made of a peculiar mixed salivary gland tumor that appears 
to he related to the adenolymphoma. 

An attempt is made briefly to offer an explanation of the effect 
of X-ray treatment in cases of this kind. 
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SOME ANIMAL EXPERIMENTS ON THE INFLUENCE OF 
SANOCRYSIN ON HYPERSENSITIVENESS 


Bj’- J. Orskov & E. Krag Andersen. 
(Received for publication .Tune 2nd, 1948.) 


There is some juslificalion for saying even now lliat we do not 
know much about the mode of action of sanocrysin*) in the human 
and animal organisms. 

However, it seems relatively certain that there is a therapeutic 
effect, one that is difficult to reject, on some diseases, perhaps especial- 
ly on some cases of chronic rheumatoid arthritis. The idea that this 
affection might have some connection with certain conditions of hyper- 
sensitiveness started these experiments on the possible effect of sano- 
crysin on the course of anaphylactic shock in guinea-pigs. 

It quickly became apparent that once hypersensitiveness to horse 
serum had set in, it was difficult to find any distinct effect from 
sanocrysin, whereas there seemed to be no doubt of some degree of 
influence on the quality of the hypcrsensitivencss engendered after a 
pre-treatment for a shorter or longer period with sanocrysin prior to 
sensitization. This can be demonstrated clearly by means of a suitable 
adaptation of the experimental conditions, as shown for instance in 
Table I. 


Only one out of twelve animals treated died, despite primary reac- 
tions in the majority of them, whereas nine of the tNvelve untreated 
control animals died from the shock. 

In this connection it would be interesting to sec wliethcr sanocrysin 
treatment has any influence on the tuberculin reaction in tuberculous 
animals. 

Out of curiosity we made a small experiment in order to see 
whether sanocrysin has any effect on the formation of antibodies in 
rabbits. ‘ 


sunnWrJ‘ 4 !'® opportunity of thanking the Forrosan Company for kind! 
IP J ng the sanocrysin necossaiy for tlic experiments. 
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Tabic I. 


Twelve guinea-pigs injected intravenously (ear vein) on Dec .lOtli will, 
<i.2o eg., Jan 2„d 0.25 eg, .7o„. all, 0.25 eg, Jan. Stl, 0.25 eg.' poi kg! taivti'i , 
on Jan. 12tli tlie animals were sensitized with 0.5 horse serum 1—10 iidri' 
IDcnloneally; on Jan. 27th 0.2 c.cm. horse serum intravenoiisiv. 



Weight Dec. 29. 

! 

Weight Jan. 10. 

Reaction ; 

Jan. 27. 

1 



mins. 1 


5436 

500 

470 

5437 

510 

■ 490 

5438 

500 

530 

5439 

500 

460 

5440 

485 

500 

5441 

470 

350 

5442 

490 

470 

5443 

500 

470 

5444 

490 

500 

5445 

490 

490 

5446 

500 

450 

5447 

500 

470 

Twelve control 

guinea-pigs sensitized 

intraperitoneally; 

intravenously. 

Jan. 27(h 

(he animals 

4349 

— 

— 

5449 

520 

530 

5450 

480 

520 

5451 

495 

490 

5452 

480 

480 

5453 

510 

530 

5454 

500 

530 

5455 

495 

500 

5456 

480 

490 

5457 

500 

530 

5458 

500 

520 

5459 

490 

490 


2.5 

survives 

3 

survives 

3 

survives 

2.5 

survive.s 

2 

survive.s 

9 K, 

survives 

7 

survives 

1.5 

dies 

2 

survive.s 

— 

survives 

1.5 

.survives 

1.5 

survives 

Jan. 12tli witli 0.5 

liorso scrum 1 — 10 

injected with 0.2 

c.cm. Iiorse serum 

4 

dies 

2 

dies 

4 

dies 

3 

survives 

3 

dies 

1 

dies 

1.5 

dies 

— 

survives 

1.5 

dies 

o 

dies 

4 

dies 

1 

survives 


Three rabltils weigliing 3 kg. were injected on Dec. 30lh willi 0.5 
eg., on Jan. 2nd 0.5 eg., Jan. 5lh 1 eg., Jan. 8lh 1 eg., Jan. lOlli 2 
eg. and Jan. 13lli 2 eg. of sanocrysin per kg., inlravenou.sly. 

On Jan. 15lh we injected inlravcnou.sly 0.1 c.cm. 24-hour.s’ old 
paratyphoid B broth culhire killed in formol, and simultaneously three 
rabbits of tbe same weight were injected intravenously with the same 
dose of paratyphoid B culture. 

The sanocrysin-trealed animals lost a little weight during the 
treatment but otherwise presented no morbid symptoms. A few hours 
after the injection all three animats pre-treated with sanocrysin to 
our great surprise became moril)und: two died within 24 hours, but 
the third survived after several days of severe morbiditj. As 
expected, the controls gave no reaction whatever in the way of morbid 
^^ymptoms to the injection. 
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For the rest the formation of antibody as regards H-agglutinin 
proceeded in the sanocrysin-treated animal as in the controls. There 
can he no doubt hut that sanocrysin brought about a most conspicuous 
reduction in tlie resistance of the animals to the intravenous injection 
of bacterium culture. 


Summary: 

In animal experiments under suitable conditions sanocrysin may 
affect the course of the anaphylactic shock. In animal experiments 
.sanociysin ma5' i educe the resistance of an organism to toxic effect 



FROM THE STATE SERUM INSTITUTE, COPENH ■iGEN 
(DIRECTOR: J. ORSKOV). 


POLIOMYELITIS IN AIICE^) 

By J. OrsUov Sc- Else Krafj Andersen. 

(Received foi- publicaiion June 2n(l, 1958.) 

Our principal reason for embarking upon cxperimenlal work on 
mouse poliomyelilis is because mice have Ibc advantage of being 
cheaper to do with than apes and presumably are just as suitable for 
assisting in throwing light upon questions both theoretical and prac- 
tical concerning poliomyelitis. 

Earlier virus research (1) imbued us with the desire to try by 
means of similar experiments to learn something about the mechanism 
of infection in both normal animals and animals immunized in various 
ways; more particularly, the possibility of being able within our limits 
to work on natural routes of infection was tempting. Even in his first 
works Theilcr (2 — 3) refers to the distinctly greater susceptibility of 
young animals to Polio virus; to us there was nothing surprising in 
this, but to our knowledge no one else has yet grappled with this 
possibility systematically. Card in Sweden obligingly sent us the so- 
called Theilcr F.A. strain, with which we have worked a good deal. 
As in other laboratories, we quickly found that most of tlie animats 
in our slock were cnlcroinfectcd Olitsky (4), but that it caused no 
sickness among them except for the extremely few instances of 
paralysis wc have seen now and then among the tens of thousands 
of mice used annually at the Scrum Institute. Wc have isolated many 
of these intestinal strains, and on one occasion found one which in 
virulence was comparahle with the F.A.strain. On testing most of these 
spontaneous intestinal strains in feeding experiments with young ani- 
mals we find that it is only within the first 14 post-natal days that 
some of them — the number varies — are attacked by Poliomyelilis, 
in most cases after a relatively long period of incubation. The 
resistance of the different litters varies considerably: in some a 
relatively high percentage are attacked, in others none at all, which 
experimentally is a drawback though a matter of great interest. We 

*) Road in abbreviation before the Fourth International Congress for 
Microbiology, Copenhagen, July, 1957. 
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arc trying to rear a virus-free stock material, and hope to succeed, so 
that something more may he learned about the behaviour of these 
relatively low-virulent strains with respect to infection and immunity. 
The F.A.strain is excellent for the purpose, for it possesses a relatively 
constant pathogenicity administered by the mouth to very young mice 
until they are about 14 days old. In some tests it has displayed a very 
variable power of infecting still older mice b> the mouth, hut this 
power is not constant, as already staled. 

Our method of carrying out the peroral infection is to hold the 
mouse by the neek skin with soft forceps and with a Pasteur pipette 
place a small drop on the lips; if its tail is rolled gently between two 
fingers the mouse opens its mouth and drinks the drop. Undoubtedly 
some gets up inside the nose now and then, as we ascertained by 
mixing the virus suspension with Indian ink; but this is relatively 
rare if the operation is performed carefully, and, moreover, nasal in- 
fection is presumably of no great importance as far as the mechanism 
of infection is concerned. 

With these young animals the infcclivity is very high. Dilutions 
right up to 1:100,000 give a high percentage of lakes. There seems to 
he but little difference in the resistance of the various litters, so that 
there can be no question of any great immunity inherited from the 
mouse mothers infected with low-viruicnl Theilcr virus in the intestine. 
As a matter of fact, at an early stage of the work we thought it strange 
that young mice, susceptible as they arc, do not become infected much 
more often in their first weeks, especially as it is not very rare to find 
intestinal strains of a relatively high virulence, and as even the low- 
virulent strains in a number of instances arc capable of causing para- 
lysis in suckling young after peroral administration. In order to delve 
deeper into this we experimented with smearing the mother’s teats 
with virus suspension, at the same lime putting a collar on the mother 
to prevent her from licking her teals clean. Nothing happened to the 
young, in spile of repealed applications. Accordingly^ we thought that 
perhaps the admixture of milk might cause such a change in the con- 
sistence of the food that the risk of infection was reduced. Being 
unable to milk the mothers we took fresh gastric contents from the 
young and mixed them with virus. Again the result was hardly any 
infcclivity. There was no destruction of virus by the stomach contents; 
after centrifuging, the supernatant fluid was highly infectious; the 
same thing happened when y\c added normal, undiluted serum: the in- 
fectivily was reduced. Believing that the nearest explanation must lie 
in the consistence of the suspension fluid, we tried feeding the animals 
with undiluted infected brain — or diluted only with an equal part 
of water. The result was practically the same: very few animals were 
infected, and as we were able to find virus in the intestine of the ani- 
ina s only a couple of hours after administration, there can scarcely 
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be any doubt that as far as this virus is concerned, the form in which 
It IS ingested is of decisive importance; at the same time, all the signs 
eem to nidicate that the infection occurring in conjunction .dth pefo- 
c admmistiation must m the majority of cases take place in the 
liucco-pharyngeal section of the alimentary canal. 

We may say at once that the rules applying to this virus strain 
do not apply to either Jungehhit S. K. or M. M. strains, both of which 
arc highly virulent when given undiluted to both young and old ani- 
mals, whatever may be the explanation. 

For the purpose of ascertaining in what localities the virus can be 
found in orally infected animals we infected some litters of young, all 
5 6 days old. They were killed at increasing intervals, the first two 

hours after administration, and various localities of interest to us in 
connection with the infection mechanism w'ere removed and injected 
intraccrebrally into fresh animals. Although there was no reason for 
expecting to find virus ubiquitously from these apparently highly 
neurotropic forms of virus, an cxtraneural demonstration would have 
been of interest on immunological grounds. Very interesting in this 
connection are the relative recent findings of Dorothy Horstmann and 
others, (5) experimenting with young rhesus monkeys infected orally 
with Polio virus. In one of these animals they found lymph nodes, 
spleen, heart and adrenals infected. It is not often that Polio virus 
is observed outside the nervous sj'stem — except in the alimentary 
tract; but still there are some cases, and they may perhaps be more 
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Table I. 




two mice, 

Dilutions of Vio and Vioo 

were made from every sample, and 
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frequent in future. It would also be interesting if one could find a 
systematic diffusion via the lymphatics such as that of practically all 
bacterial infections and several virus infections, for example vaccinia 
virus and fowl plague virus. (1.& 6). As w'e sec from Table 1, there is 
nothing really systematic about the finds; but it is clear that at a very 
early stage — long before the central nervous system is demonstrably 
infected ■ — we may find virus in blood, liver and glands, and that 
during the first hours and days the blood is A’cry frequently infected, 
whereas the brain does not become a seat of infection until the second 
day at the earliest. The longer the infection progresses the more often 
is the brain infected and the more positive finds do we in most cases 
make elsewhere, while simultaneously the infection in the blood be- 
comes more difficult to demonstrate, though we have made no effort 
to ascertain whether the latter is or is not due to an actively occurring 
relative immunity. 

From the experiments it seems possible to draw the conclusion that 
besides the infection of the nervous tissue, a relative diffusion takes 
place in orally' infected animals, and that apparently this diffusion 
does not necessarily take place exclusively via the nerve paths. 
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Table II. 

us and .lunpeblut S. K. tested for eliminalion after in- 
Intraccrcbral test of tlic various susi)cnsions on six mice. 


A small experiment shows that F. A. virus is hound inter alia by 
nm injection. At llie same time wc see how 

Lriv nr cleared. We also see that al- 

livor' \ lioitrs there is a distinct decrease of the quantity in the 

inun. »>cre is no pcrceplihlc growth 

“r a •'""eel'lul S.K virus (7 & 8) (kincllj. scU us l,y 

ngeblut) Ibis is more difficult to demonstrate. 
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At an early stage in our experiments we saw that mice which had 
survived F. A. paralysis could have immune offspring. In experiments 
in actively immunizing mothers before gestation, aiming at giving the 
offspring a passive immunity, the results we obtained were very va- 
riable. As a rule we prepared the vaccine from mouse brain taken at 
the culmination of the disease, diluted to 1 : 100 and killed with 0.1 % 
formol. In some of the experiments we got fine results, in others not so 
good. The most positive results were obtained by inoculating with 
killed and then living material, both intraperitoneally. In Table III we 
have an example, wdicre all the young survived peroral infection where- 
as all the controls died. 

cwoas - iumunisahom t.a, - s.k. 

HOThCKS VACCiNAtCD — *OJNC iNrtCTtO PCKOS* 


NO or ANIMALS 


to 


io 


40 


90 


CONTROL Mice r.A. 


Oic iuuvtvc 

o s» f 


r.A. IMMUN. + 


r.A. C 


2 


C 


IMUUN. + 


a ' 0 


<ONTflOL Mice S.K. 

AM. (MMUN. ^ S.K. 


■ □ 

Table III. 

Mothers vaccinated first with killed, then with live vaccine intraperitoneal- 
ly. Only one of the young control mice infected with F. A. survives, while no 
-fungehlut S. K. control mice survive. 

In other instances it seems that very little is required for the mo- 
ther to obtain an immunity sufficient to give the young a considerable 
measure of protection; for instance, having suckled a litter of infected 
young was in some cases enough to give the next litter fair passive pro- 


PASS IV .IMMUNISATION. 


JB. 






OIC SURVIVI 


MiCCiMMUNSCAUM SU8C. TWICE 
3CrORE INT. PER OS. 


CONTROLC - NORMAL M|CCSERUM 


i 25 


ly 0 


-CONTROLC - SALINE 



^2 0 


Table IV. 

Passive immunization. 
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tection. We also found that it is relatively easy to protect young against 
peroral infection with serum from immunized animals. 

Table IV provides an example. Six litters of young at three and 
five days old were injected with about 0.2 c. c. mouse immune serum 
subcutaneously. Of these 34 young, 25 survived whereas all the 17 
controls died. Saline and normal mouse serum had no protective 
effect. It was interesting to see that the nine young that died had a 
considerably protracted disease period, averaging 22 days, i. e. about 
twice the usual length. On the other hand, we w'ere never successful in 
giving young a passive protection by inoculating the mother repeatedly 
during gestation with large amounts of mouse immune serum. 

We have also made numerous experiments with Jungeblut’s S. K. 
strain, which is also infectious perorally for older animals. What is 
the mechanism of infection here? We find the same irregular diffusion 
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Table V. 

Jungeblut S. K. per os to adult mice. 


but in these relatively old animals no demonstrable, very early dif- 
fusion. Interesting is a case 3 days after infection, w'hen several loca- 
lities are infected but not the brain yet, demonstrably at any rate. It 
is worth mentioning here that as in many other experiments, the 
strains which we secured from the intestine are of the low-virulent 
Theiler type. 

With the S. K. strain we were also successful in producing immunity 
IdU giving killed vaccine to the mother, but here again the 

Hied vaccine living acts more certainly than killed alone. Here it 

infp?r surprisingly easier to immunize the mother against 

ducp r intraperitoneally, than it was to in- 

mothfre^ among the young; for instance, not one of 40 

died after three intraperitoneal injections of formol-killed 

Acta path. Vol. XXV 4 
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vaccine followed by injection of an otherwise fatal dose of living 
virus. We have made no attempt to ascertain whether interference 
played any role in this. Such a treatment with killed vaccine is not 
always sufficient to give the offspring protection. 

MICt VACCINATEO with roRMOL - KILLED S.K. |.p 
TOUHC INrCCTCO PEB OS. 5.K. lo‘* 


HO. or AHIMALl 

MOTHCB NO. I 

CONTBOt 

MOTHER NO.Z 

control 

MOTHER N0.3 

CONTROL 


I' litter 



2 ’ litter 
.1 aJASATtI 



t- 1 


3* LITTER 
•J 2 3 * 3 t f • S' 



, a'iitteb 

I 23<SSTS3 



Table VI. 

Mothers vaccinated with killed Jungeblut S. K. virus intraperitoneally, 
their young in consecutive litters tested for resistance. 


Table VI shows that the ability of mothers treated in this manner 
with killed vaccine to give the offspring passive protection is very 
variable. In the control litters all died except one. Mother No. I’s 
young all died in the first litter after the inoculation, and the ex- 
perience of nursing the sick young has no influence, as the next three 
litters all died too. Mothers No. 2 and 3 were unable to give the young 
of the first litter immunity enough to survive the infection, whereas 
everything went well with the next Uiree litters. In this case it won d 
thus seem that the encounter with the living virus governs the quali > 

of the antibody in the mother’s blood. ^ -i 

In conclusion, a cross-immunity test beUvecn F. A. Theilei and 
S. K. Jungeblut (Table III). As usual, offspring nf.mntters 'noculaled 
™lh F. A. and S. K. respectively were “f 

S K We see from the experiment that the F. A. and . . 

have no mutually protective power, whereas they afford goo pro ec- 

order to ascertain whether th.e 

was any cr'oss-immunity between Yale S. 
sor John R. Paul) and the mouse-adapted S. K. 
of the inability of the Yale strain to infect 

unable to make the tests in the usua manne , ,„PeiPer mothers 
periment had to be ''os^iotod to a demonstra lo^n 
very actively vaccinated with Yale S. K. 8 
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protection against the other mouse-adapted strain. The experiment 
was performed with 9 mothers arid their young, and the motlmrs were 
vaccinated prior to gestation with very large quantities of killed and 
living culture intraperitoneally. For controls w'e had a similar number 
of litters whose mothers had been vaccinated writh killed -f- living 
Jungeblut S. K. virus. Except for one animal, all these control young 
survived, whereas 57 of 58 young which were tested for immunity 
against Jungeblut S. K. per os, died. Thus by this method there was 
not the slightest demonstrable immunity. 


Summary. 

The low-virulent faeces strains that are commonest in mice give 
a very irregular percentage of takes w’hen mouse young from arbitrarily 
selected litters are infected perorally in their first 14 post-natal days. 
Most of the litters in our stock were fully resistant, whereas only few 
showed a relatively high percentage of takes. Consequently, these virus 
strains were unsuitable for Immunity investigations under our labora- 
tory conditions. 

Theiler’s more aggressive F. A. strain, however, gave a very high 
percentage of takes, even in very low concentrations administered 
orally within the first 14 post-natal days. The consistence of the 
suspension medium seems to be a very important factor in the ability 
of this virus to register a take when administered per os; for example, 
suspension in milk reduced the percentage very considerably, although 
the virus was easily demonstrated in the alimentary canal of the ani- 
mals after feeding; this perhaps is of significance in relation to the 
mechanism of infection. 

From these experiments we believe it justifiable to conclude that 
where this strain is concerned the great majority of infections must 
take place via the upper parts of the alimentary canal. 

Experiments on the mechanism of infection showed that an ir- 
regular diffusion of the virus takes place early in the organism, be- 
fore the central nervous system is demonstrably infected. They seem 
to show that growth must take place, presumably in nerve tissue, out- 
side of the central nervous system. 

Against these viruses the liver and spleen play a similar blood- 
purifying role as against bacteria and many other forms of virus. 
No demonstrable growth of virus takes place in these organs. 

By means of immunizing the mothers prior to gestation it is re- 
ahvely easy to give the young substantial passive immunity. When 
pre-treated with serum from immunized mothers the young can be 
made relatively resistant to peroral infection. In most cases the ani- 
mals present no symptoms of infection and those that arc attacked 
aie a very protracted sickness period. 


'is® 


For Jungeblut’s mouse-adapted S. K. strain the infection mechanism 
proved to he similar to that found for Theiler F. A. Here too it was 
relatively easy to give young a passive resistance to peroral infection 
hy vaccinating the mothers before gestation, the most effective being 
by means of a combination of killed and living vaccine. It was found 
from some experiments that killed vaccine alone was insufficient in 
many instances, but that this together with the experience of nursing 
an infected litter of young enabled the mother to give her next litter 
complete passive resistance. 

With the experimental technique employed w'e -were unable to find 
any cross-immunity behveen Theiler F. A. and the Jungeblut S. K. 
strain, nor could we w’itli the Yale S. K. strain demonstrate any pro- 
tection against Jungehlut’s S. K. strain. 
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PATHOGENIC-APATHOGENIG TRANSFORMATION OF 
SALMONELLA TYPHIMURIUM 

II. INDUCED CHANGE OF RESISTANCE TO COMPLEMENT 

(CONTINUED). 

Bj' 0. Maaloc. 

(Received for jiublicaiion .Tunc 3rd, lOiS.) 

In a recent paper on this subject (1) the writer pointed out the 
relation between pathogenicity and resistance to the antibacterial ac- 
tion of complement. It was furthermore shown how growth in diluted 
bouillon resulted in the formation of bacteria with low resistance as 
compared to that of bacteria grown in full bouillon or in diluted bouil- 
lon to which was added small amounts of one of several simple, N-frec 
compounds. It was emphasised that in this way the resistance was 
only lowered temporarely as the bacteria on transfer to a richer me- 
dium regained their normal, high resistance. — In this paper experi- 
ments with bacteria grown in chemically defined media will be dealt 
TOth. 

Using very simple media of the following composition: n/15 phos- 
phate buffer + MgSO, (0.01%) + (NHJ,SO, (0.1— 0.4%) + Na- 
citrate (1 — 2 %), and inoculating with about 10^ bacteria/ml taken 
from a fresh bouillon culture bacteria with very low resistance were 
immediately obtained. Tlie same low resistances resulted when glucose 
(0.1 %) or glycerol (1.5 %) was used as carbon source; only in these 
cases the fall in resistance did not occur as rapidly as in the citrate 
medium. Tabic I shows the results of an experiment with serial cultures 
in the three media mentioned and it is indicated how rapidly and com- 
pletely the normal resistance is regained on transfer to full bouillon. 
As will be shown later a more prompt effect is found in the glucose 
and glycerol media when appropriate concentrations of the C-com- 

pounds are chosen; for experimental details see the text accomiianving 
fable I. 1 . o 
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Table I. 

Serial Cultures in SynUicUc Media. 



'J’lie numbers in (lie figure indicate tlio survival percentages of bactei’ia 
li-oa(ccl for 30’ with fresh, normal human serum 50%; (the technique em- 
ployed has been described earlier by the writer (3)). Squares indicate cultures 
in full bouillon. Cii-cles represent cultures in synthetic media with the carbon 
sources indicated in the figure; the exact compositions of these media are 
given in the text. — Here, as in all following experiments, 5 ml. of the me- 
dium are measured off in a thoroughly cleansed tube, 18 mm in diameter, 
a cotton stopper is inserted and the tube heated on a water bath at 100“ for 
15 — 20 min. — After cooling down the primary inoculation is made with 
1 — 2000 bacteria/ml. from a freshly diluted culture. Secondary transfers are 
made directly with a platinum loop, the volume transferred being about 
0.003 ml. 


The carbon compounds used in this experiment all belong to the group 
of substances wliicli, if added to diluted bouillon, prevent fall of resistance 
(cf. (1) Table IV). This fact lead to the hypothesis, forwarded by the writer (2), 
that in addition to one of these effective carbon compounds some substance 
contained in the bouillon might be necessary for the development of full 
resistance. This seemed the more likely as it was found that small amounts 
of the watery muscle extract contained in our bouillon, when added to the 
citrate medium, completed this in such a way that bacteria with relatively 
high resistances were formed. — Attempts at an isolation of the supposed 
f.actor in the muscle extract did, however, not give promising results: — some 
active material was found to pass through a cellophane membrane and, 
nevertheless, after 48 hours dialysis against running tap water, considerable 
amounts of active material were still found inside the bag. Thorough treat- 
ment of the extract with active charcoal removed 80 % of its N-content but 
left its activitj’’ practically undiminished; neither was the activity of the ex- 
tract seriouslj' impared bj^ heating to 100“ for 12 hours at pH 1, 7 or 13. 
Treatment with surplus or Ba(OH 2 ) and subsequent neutrali7;ation with CO, 
did, howevei-, remove most of the activity. 

As the experiments with muscle extract pointed to some relatively 
simple substance as the active factor, the effects of addition of pine 
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amino acids to the citrate medium were eventually investigated. It 
was found that with glycin, aspartic or glutamic acid as N-sources 
instead of ammonia (and with relatively low concentrations of citrate 
in the media; sec later in this paper) bacteria wdth high resistances 
were formed. Furthermore it was found that even after 9 passages in 
an amino acid medium without ammonia no drop in resistance could 
he detected. Finally, it was seen that in Souton’s medium 1o\y re- 
sistances were only obtained when the citric acid, according to the 
perscription, was neutralized with ammonia; if Na-citrate w'as used in 
die place of citric acid + ammonia no drop in resistance occured. 

The experiments just cited showed clearly that when ammonia is 
introduced into the growth medium the resistance of the bacteria 
formed is lowered. This effect of ammonia, alone or together wdth 
muscle extract or glutamic acid, is illustrated in Tables II and III. 

Tabic It. 

Composilion of and Bcsislauccs of liacic.ria grown for 24 Hoars 

in (he Media. 


Medium No. 1 2 31 -1 5 (5 7 

Nn-Citrate .... 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 

(NH,)„SO, 0.4 % 0.4 % 0.4 % — - - 0.4 % 

NfijSO, — — — 0.4% 0.4% 0.4% — 

Carbon treated 

muscle extract 50% 10% 2% 50% 10% 2% 

Survival % of 

bacteria 78% 04% 44% 11,8% 100% 104% 35% 

Viable I 

count / 20.8 8.4 5.5 2.4 


A watery, boiled extract, of minced hoof muscle is used. Before use in tlii.s 
experiment the extract has boon shaken vifrourously with 10% (hy weight) of 
active charcoal and filtered. 

Table II shows how the media 4 — 6 in which the muscle extract 
constitutes the only N-sourcc give bacteria with very high resistances; 
actually the resistance is so high that the few bacterial divisions which 
may occur during the 30 minutes trenlincnl with fresh scrum complcte- 
b obliterates the bactericidal effect; hence the odd »survival jierccn- 
btgcs« above 100. — On the other hand, the media 1 — 3, Avhich all 
contain 0.4 % in addition to the extract, give bacteria with 

■ csistances that are loxver than in media 4 - 0 and which diminish as 
m ratio organic-N/inorganic-N diminishes. With the lowest concen- 
hahon of extract (medium 3) the resistance of the bacteria is nearly 
as low as m the control medium (7) without organic N. (It should be 
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mentioned here that when the control value, in this experiment is 
found to he as high as 35 % the reason is that the concentration of 
citrate is relatively low; cf. Table IV and the corresponding text.) 


Table III 

Com-posilion of Media and Itesistances of Bacteria grown for 24 Hourx 

in the Media. 


Medium No. 

! 1 

2 

3 

4 

b 

6 

Na-Cilnitc 

0.45% 

0.45 % 

0.45 % 

0.45 % 

0.45 % 

0.45 % 

(NH,)..SO., 

1 % 

1 % 

1 % 

1 % 

1 % 

— 

Glutamic acid. . 

0.36% 

0.036 % 

0.009 % 

0.0023 % 

— 

0.36% 

Survival % 

of bacteria 

Viable . 

30% 

62 % 

32% 

8% 

14% 

95% 

count 

112 

118 

113 

70.2 

61.0 

6.22 


Table III shows that very similar effects may be obtained with 
glutamic acid as organic N-source. Moreover it is seen that in the 
media containing ammonia + amino acid, the effect of the latter, was 
greatest at a concentration of about 0.04 % and diminished on both 
sides of this optimum. 

As mentioned above, it is not only the introduction of the inorganic 
N-source (ammonia) that causes i-esistance to drop. If bacteria with 
really low resistances are wanted it is of even greater importance that 
a suitable concentration of the C-compound is chosen. The greater part 
of the experiments illustrating the importance of the concentration of 
the C-compound have been made wth Na-citrate, and it has been found 
that with a concentration of about 2 % a constant and great fall in 
resistance occurs in the first passage. When the citrate concentration 
is lowered the fall is less pronounced, and with low concentrations 

(0.2 0.05%) resistances varying between about 15 and 50 % aie 

found. Corresponding results have been obtained with glucose, glycerol, 
Na-succinate and Na-lactate as C-sources; in these cases contrations 
of 2, 6, 3 and 2 % respectively have given primary cultures with lov 
resistances, while with concentrations of the order of ^ ' 

siderably higher resistances have been found. Based on « ^ ^ 
of such experiments the following general rule can be formulated^ 
only with concentrations of about 2 % or more of the C-compound can 
really low resistances be expected in the first passage (i.e. < W % 

surviving bacteria; see Table IV), 

The experiments described above were all 
(NHJ,SO, (0.10 %) as N-source and, m agreement with a - 
periences, it was found that though the concentration of the C-com- 
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pound had a marked influence on resistance, it was not possible to 
obtain really high resistances in media with ammonia as the sole 
N-source. 

As shown in Tables II and III substitution of ammonia by an 
organic N-source can give media in which high resistances are obtained ; 
but it has eventually been found that even with an organic N-source 
resistance depends largely on the concentration of the main C-com- 
pound. Table IV shows a series of experiments with different N-sources 
(viz. ammonia, glycin, glutamic acid and the muscle extract previously 
described) and it is seen that not only in the case of ammonia does 
the concentration of citrate influence the results to a very great ex- 
tent. With all 4 N-compounds we find that high concentrations of 
citrate has qualitatively the same lowering effect on resistance: within 
the same experiment the highest citrate concentration alivaps gives 
the culture with lowest resistance. 

Table IV, however, also shows that the percentages arrived at in 


Tabic IV 

Rcsistatjcc Bctenmnalions on Bacteria grown in Media with Varying 
Citrate Coneentration.'t and Different N-Sonrees. 


N- 

sources 


('.ilrale- 

oonc. 


Survival Pcrccnlages in 
I’'xpcrimcnts Xos.; 

II III IV 



2.00 % 

1 

1 

1 

2. 2, 5 

(nh;..so, 

0.03 % 

10 

— 

— 

— 

0.10 % 

0.20% 

10 

25 

13 

— 


0.05 % 


— 

— 

55.21, -to 

Glvcin 

2.00% 

3 

— 




0.12 % 

0.C3 % 

0.20 % 

8i 

07 




— 

Glutamic 

2.00% 

9 

53 ‘) 

.3 


acid, IICL 

0.0,3 % 

37 



0.i0% 

0.20 % 

75 

ca.lOO*) 

71 



Same + (Nn,)„SO, 

2.00 % 


0 



0.10% 

0.20 % 

— 

30 

15 



Muscle cxlract 
(cf. Table II), 

2.00% 

0.03 % 

10 

07 

— 

— 

— 

10% per vol. 

0.20 % 

81 

— 

— 



wereii<;pri concentrations of glutamic acid 

53 59 S t el citrate-levels. In the group with 2 % Citrate the percentages 

centacesrt gave the per- 

usuauLe'in rcspectivel.v. Thus, within experiment II the 

for unloimvn ^cu”ol on lowering the citrate concentration; but, 

'vithvcspect tn differs considerably from nos. I & III 

‘Lbpeci to percentage level. 
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media of identical composition may vary somewhat from one experi- 
ment to the other; for this reason it is necessary to stress that direct 
comparisons between survival percentages can only be made safely 
^vithin the same experiment, i. e. when all inoculations have been made 
from the same culture. 

Control experiments have shown that neither lag phase nor growth 
rate change to any great extent within the range of citrate and am- 
monia concentrations investigated; not until muscle extract, casein 
liydrolysate or a similar complex factor is added to lag and growth 
rate shift from the figures characteristic of the synthetic media (about 
2 and 1 hours respectively) to the figures found when growth takes 
place in one of the usual broth media (about 1 to 1.5 and 0.4 hours 
respectively). — Other control experiments have proved that the low 
resistances obtained in the media with high concentrations of citrate 
do not result from increased demands for G, or CO, under the given 
growth conditions. Neither is the drop in resistance caused by changes 
in the pH of the extracellular fluid (the amount of buffer in these 
media has been found to be sufficient to keep the pH constant through- 
out the growth period). 

We have now seen that loss of resistance in synthetic media does 
only take place under certain conditions; i.e. to obtain loss of and 
not to preserve resistance special growth conditions must be exacted. 
— • In consequence of this observation further experiments were made 
with a medium of the following composition: normal Na-citrate 2.0 %, 
(NHJ 2 SO 4 0.1 % and MgSO^ 0.01 % in n/15 phosphate buffer with 
pH == 7.0, (owing to the high concentration of citrate the actual pH 
of this medium is about 7.3). 

In the first place the relation betw'een resistance and age of culture 
was examined: inoculating with highly. resistant bacteria from a fresh 
bouillon culture ^survival percentages« above 100 w'ere regularly found 
early in the logarithmic growih phase. As mentioned above, such find- 
ings indicate that active growth, w'hich in the case of a young culture 
may take place during 30 minutes treatment with serum, overshadows 
the bactericidal effect. — For technical reasons such an effect has 
to be reckoned with wiien the concentration of citrate in the cultiire 
is as high as 2 %. In the early growth phase when the bacterial density 
is about lO'^/ml. resistance w'as determined by mixing undiluted culture 
with serum (equal volumes) wiiich gives a citrate concentration 0 
1 % in the complement system. This concentration is known to inhibit 
complement activity strongly (3). With decreasing concentrations ot 
citrate inhibition w'eakens and is hardly perceptible with concen la 
tions below 0.1 %. Thus, when the bacterial density is above ca. ly • 
the culture can be diluted to such an extent that the citrate transferre 
to the test system no longer influences the bactericidal process. 

7—8 hours when this density is reached the measured resistances, 
W'hich are no longer influenced by citrate, drop rapidly and wn m 
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■0 1 hours they attain low and constant values with about 5 % sur- 

viving bacteria. — Essentially similar results are obtained when bac- 
teria with acquired low resistance are used for inoculation: the same 
initial phase with percentages above 100 is registered, the drop in 
resistance occurs at the same time and the same low values are at- 
tained, (see Table V, Fig. A). 


Toble V, Fifiurc A. 

licsixtance Dclcrminalions at Different Timex on Bacteria (jrown in 
Synthetic Medium with 2 % Citrate or in Culture Filtrate. 
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LOG VIABLE COUNT PER CC. 

Fiyurc A; Dots represent \nlucs from cultures in fresh citrate medium 
<2%); 3 different experiments are included. — Open rings represent values 
from cultures in sterile filtrate from a grown out culture in the same medium, 
(see tc.xt); 2 different experiments included. 

L indicate values obtained after inoculation with resistant bacteria from 
a bouillon culture. A indicate values from cultures inoculated with bacteria 
with acquired low resistance. 

The highest citrate concentration actualized in the complement 
system (1 %) will as mentioned lower the bactericidal actmty very 
considerably and may thus alone account for the high percentages 
obtained from the youngest cultures; there are, however, other factors 
which may be involved. — Firstly, it is well known that in the early 
phase of growdh unusually large bacteria are formed. Experiments 
with E. coli have shown that these bulky cells differ from the smaller 
forms mainly in their size, some of the liasic metabolic activities of 
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Iho two cell-forms being identical per mg. of substance (4). As it must 
be assumed that the bactericidal activity of the large complement mole- 
cules is a surface activity, cells of great bulk may be more resistant 
than the smaller forms which in proportion to their surface contain 
less live substance and nutrients. Secondly, it has been observed that 
the contents of nucleotides are increased in the cells in the early 


Table V, Figure B. 



LOG VIABLC count per CC. 


Figure B: Signatures as in Fig. A. Percentages transformed to Probits. — 
Tlie horizontal lines marked F and Ci indicate the mean Probit values in 
the filtrate and the citrate groups respectively. — The two groups show 
normal distributions and have a common standard deviation (= 0.38 Probit 
units) which is marked out in the Figure. 

growth phase (5). Whether this difference between cells in young 
and in older cultures or the above suggested » scale effect« are of any 
importance for the resistance to complement can not be decided at 
present and we shall not go into further discussion of these problems. 
The important conclusion to be drawn from the experiments repre- 
sented in Talde V is that with inocula of about lOVml. a low and 
constant level of resistance is reached after 12 — hours when the 
density of the cultures is ^ Thus the loss of resistance in 

media with high concentrations of citrate occurs relatively early and is 
not dependant upon the higher densities later obtained in such cultures. 

In order to see if, at the time when this density has been reached 
in the cultures, any substances of importance for the development of 
resistance has been accumulated the following experiment was set up j 
A 48 hours culture in 2 % citrate-medium with a density of ^ 
lOVml. and the usual low resistance was filtered and the sterile filtrate, 
which with respect to pH, citrate and ammonia contents, was practical- 
ly as before inoculation, was used as growth medium alongside with 
fresh citrate medium in a new experiment. This experimen ® 
shows two series of resistance determinations at different imes uni.-, 
growth in the filtrate and in fresh citrate-medium respectively. 
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It is seen immediately that loss of resistance occurs at the same 
time in both series and that, apart from some fluctuations, the level 
■of resistance reached in the filtrate is a little higher than in the fresh 
citrate-substrate. This means that no filtrable substance that may ac- 
cumulate in the medium during growth can be responsible for the 
development of low resistance.- 

Tlie first examination of Table V (Fig. A) shows fliat the sui’vival 
percentages obiainod from the cultures in fresh citrate-medium differ less 
among tliemselves than do the percentages from the filtrate, -cultures. This dif- 
ference is, however, a result of the technique employed: As shown eai-lier by 
the writer (3), the bacteria hi a grown out culture iise to he praeticalhj normal- 
ly dislvibuted xuitli respect to resistance to complement; this means that to a 
given ciiangc in resistance does not corrc.spond a constant difference in sur- 
vival percentage — a change from 50 % to 40 % is c. g. of much less importance 
than a change from 15—5 %. This of course makes quantitative estimations of 
results as expressed in percentages uncertain, but the difficulty is readely 
■overcome if Prohits arc substituted for percentages. After this transformation 
(Table V, Fig. B) a given difference on the ordinate express a constant change 
in resistance irrespective of the level; and, as Fig. B shows, the Probits cor- 
responding to the filtrate. and the citrate-percentages respectively are distri- 
buted around their mean values in the same way. On further analj'sis it is 
actually found that the two groups of Probits show normal distributions and 
have the same standard deviation (= 0.38 Probit units). 


Discussion: 


Trying to describe what happens when the bacteria during growth 
lose resistance it is useful to consider the different mechanisms that 
may he involved in the process: — 

As to the effect of ammonia the most likely explanation seems to 
he that the free ammonia in the media in a general way inhibits trans- 
amination processes (6), and thus indirectly slows down the synthesis 
of substances containing amino acids that can only be synthezised 
themselves through transamination. Using media with varyin.g con- 
centrations of ammonia it has, however, not been possible !o de- 
monstrate significant differences between the resistances obtained with 
high and low ammonia concentrations respectively. The reason for this 
failure may he that ammonia inhibits in very low concentrations, or 
that the ammonium concentration inside the cells is relatively inde- 
pendent of that of the external fluid. There is at present no cAddence 
favouring either of these possibilities. 

Concerning the very pronounced effect of changes in the concentra- 
tion of the C-compound several different mechanisms have to be dis- 
cussed : 


(1) An adaptation may take place to the carbon source emj^loj’cd; 
the result being that enzyme-systems that readily use the given sub- 
strate are developed at the dispense of others; such a chance in enzymic 
composition might cause the observed fall in resistance. 
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(2 a & b) A gradual accumulation may take place of metabolites 
which normally are broken down and which inhibit the synthesis of 
the resistance detei-mining substance, (a) Such metabolites may diffuse 
rapidly through the bacterial cell membrane, meaning that the degree 
of inhibition will be determined by the concentration of inhibitor in 
the total milieu; (b) the inhibiting metabolites may diffuse slowly or 
not at all in which case it is the concentration in the internal environ- 
ment of the cells which determines the effect. 

(3) Finally it is possible that in the given .substrate the bacteria 
are unable to keep up a sufficiently rapid synthesis of the substance 
on which resistance depends. This may be the case irrespective of 
changes in proportions of existing enzyme-systems, development of 
ne\v ones or accumulation of inhibiting substances. 

Some of these possible mechanisms can be tested experimentally: — 
ad (1) A change in the enzymatic composition of the cells is likely 
to take place rather slowdy, and in any case the behavior of bacteria 
adapted to the synthetic medium should be different from that of 
non-adapted bacteria. It is, however, found that if tw’o samples of ci- 
trate-medium are inoculated (a) from 48 hours culture in citrate 
medium and (b) from a fresh bouillon culture, both subcultures lose 
resistance in exactly the same way, (see Table V, Fig. A) . This observa- 
tion together with the rapidness with which a citrate culture regains 
full resistance on transfer to bouillon (Table I) indicate that adaptive 
changes are not a necessary step on the -way to formation of bacteria 
with low resistance. On the other hand adaptation may be responsible 
for the fact that in serial cultures in substrates with relatively low 
concentrations of C-compound a gradual loss of resistance is found, 
(see Table I). 

ad (2 a) If loss of resistance depended on accumulation of inhibit- 
ing substances in the medium a very rapid loss \vere to be expected on 
growing bacteria in a culture filtrate in which the supposed substance 
had already reached a high concentration. 

Table IV shows that loss of resistance in such filtrates occurs at 
the same time as in fresh citrate medium and that the lowest resistan- 
ces are obtained in the fresh media. This means that extracellulai 
metabolites can not be responsible for the loss of resistance. 

ad (2 b) It is, at the present state of investigations, very difficult to 
distinguish between this possibility and the follo^ying more vaguely 
defined mechanism (3). — We have seen how a slight and very »un 
specific« change in the composition of the media, i. e. the shift from 
low to high concentration of C-compound, is sufficient to some extent 
to inhibit the synthesis of the factor on which resistance depends. It 
seems not unlikely that a high concentration of e. g. citrate, with coi 
respondingly intense metabolism of this substrate, gives rise to an 
abnormal accumulation of breakdown products inside the cells. 

ad (3) This last mechanism is, of course, the one on which we must 
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fall back in case the above possibilities have been excluded. As accu- 
mulation of inhibiting metabolites inside the cells can not be excluded, 
we shall only point out here that an intensification of the conversion 
of citrate in itself may have an inhibiting effect on other processes 
through competition for a common co-faktor. With a mechanism of 
this kind neither adaption nor accumulation of inhibiting metabolites 
would have to be considered as preliminary to the loss of resistance. 


Conclusions. 

The results submitted in this paper can be summarized as follows; 

Chemically defined media have been selected which favour a rapid 
and great fall in the resistance of the bacteria to the action of com- 
plement. This action is registered by means of the percentage of bac- 
teria surviving treatment with normal, fresh serum, and it has been 
shown that such survival percentages can best he compared after 
transformation of the percentages to Probits. 

The properties of the selected media on which the loss of resistance 
depends have been studied: the most important factor seems to be 
the concentration of the C-compound, as high concentrations of this 
component usually give very low resistances irrespective of the kind 
of N-source employed. The changes in concentration of C-compound 
examined have little influence on lag phase or growth rate. — With 
a given concentration of C-compound it has been found that a shift 
from organic to inorganic N-source lowers resistance. 

The obsen'cd drop in resistance is caused neither by adaptation of 
the bacteria to the C-compound employed nor by accumulation of in- 
hibiting substances in the extracellular fluid. From the above discus- 
sion it will be clear that so far nothing can he said about the way in 
which the loss of resistance occurs. 


Summary: 

The influence of the composition of synthetic media on the resi- 
stance of the bacteria formed to the action of complement is investi- 
gated. The idea of a specific factor necessarj’^ for the development 
of resistance has to be abandoned. It is shown that, on the contrary, to 
obtain loss of resistance special growth conditions are needed.; viz. a 
high concentration of carbon source should be chosen and ammonia 
should be preferred as N-source. 

The different mechanisms arc discussed through which the loss 
of resistance maj' occur. 



766 


REFERENCES: 

{1) Maaloc, 0.: Acta Patrol. & Microbiol. Scand. 2S, 414 — 430, 1948. 

(2) — Reports from the 4’ internat. congress for microbiol., Copenhagen 

1947. 

(3) — »On the Relation between Alexin & Opsonin«, Copenhagen, 1940. 

(4) Hcrshcy, A. D. d& Bronfenbrenner, J.: J. of gen. Physiol. 2i, 721, 1938. 

(5) Malmgren, B. & Heden, C.-C.: Acta Pathol. & Microbiol. Scand., 24, nos. 

5—6, 417—504, 1947. 

{6) Adler, E., Hcllstrom, V., Gunther, G. & v. Euler, H.: Z. fur physiol. Chemie, 
255, 14, 1938: 



from KAPTEIN W. WlLHELih'iEA- OG FRUES RAKTERIOLOGISKE 
INSTITUT, OSLO (DIRECTOR: PROFESSOR TU. TlUO'n A. M.D.) 


MEINICKE\S REACTION 

1. MODIFIED ANM) USED AS A RAPID SLIDE TEST. 

2. USED AS A QUANTITATIVE REACTION IN COMPARISON 

WITH W. R. 

Ily Jolts. Evitthifim. 

(I<oa'iv<-(l f(H‘ iitililk"i(i<tii .luiii' Hllli. 

During Ihc last few years the Irealmciil of syphilis has. as a resuU 
of new remedies and new methods, made great progress. Kendcll, Rose 
and Simpson have used one-day courses of Irealmcnl (arsenoxidc + 
fever) with, it is staled, good Iherujieulic results. Other methods using 
intensive arscno-lhcrapy, and lasting from 5 20 days, heeame much 

more widespread during the war-years and to-day il is possible and 
should he <iuilc safe with eomhined penicillin-tirsenoxide eourses lo 
give a 1 2 week routine treatment of early lues. 

This short massive trealmenl has shown that the sy[)hililic anti- 
bodies do not disappear iininedialely after all the si)iroehaeles may he 
presumed lo he destroyed: hut this happens gradually, within a variable 
length of lime. The general supposition is, that the longer the duration 
of infection before trealmenl the longer il lakes for the organism lo 
cease producing antibodies. 

A number of authorities regard it as being of inestimable help in 
the follow-up of patients treated for syphilis lo follow the titration of 
the anti-bodies with quantitative scro-reaclions. In the U. S. A. and 
the U. K. il has therefore become the usual procedure lo employ (pian- 
litalivc sero-rcaclions. 

riicse quantitative reactions, however, mean considerably more 
laboratory work and for this reason il has become customary lo use 
one or other of the exclusion tests, which relatively easily and safely 
separate the positive sera, thus onal>ling them lo lie given further 
examination. 


Act! path. Vol. XXV. .) 
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An exclusion-test, whether a precipitation- or an agglutination- 
reaction, should fulfil the following requirements: 

1. It should be sufficiently sensitive to react positively, if possible, 
with all the specific positive sera one is able to find with any 
of the other reactions carried out in the same laboratory. 

It should be simple and straight-forward to carry out and easy 
to read. 

3. It should give as few false reactions as possible. 

As a brief selection of the numerous exclusion tests now used, one 
might mention : 

1. Berger: Agglutination Test. 

Klein. Microscopic Slide Precipitation Test for Diagnosis and 
Exclusion of Syphilis. 

Kahn: Presumptive Test with Serum. 

F. Rappaport and F. Eichhorn: Rapid Test for the Sero Diagnosis 
of Syphilis. 


2 . 

3. 

4. 


Most syphilis-reaction arc rather complicated and the separate 
components of the reaction often verj' sensitive and labile. For this 
reason results with the same reaction often vary very considerably 
from one laboratory to another. In some countries the discrepancy be- 
tween results from different laboratories has been so great that it 
was found necessary to institute competitions, both between the dif- 
ferent laboratories and between the different reactions. These com- 
petitions often proved very necessary and useful, and they have era- 
dicated a number of methods and reactions often long considered to be 
very reliable. 

For all reactions, the preparation of the antigen is an important 
factor and the slightest inaccuracy may bring an otherwise good reac- 
tion into discredit. It would certainly be in the best interests of sero- 
logy, therefore, if laboratories with insufficient and less-experienced 
assistants could obtain their antigens, and perhaps also their other 
reagents, from the larger central laboratories. In support of this sug- 
gestion, it may be pointed out that M. Id. R. II has, over a number of 
years, been utilized extensively, maintaining its position as one of the 
best precipitation reactions, and that the preparation of the antigen 
for this reaction has been restricted to some few laboratories, so that 
there has been little occasion to complicating »improvements«. 

In this country, a number of works have been published which 
show that Standard M. Id. R. II came well up to the level of the best 
of the other reactions used. Other advantages of this reaction are that 
it is simple to perform and that the results are very easy to read. 

So far as is known, there is no serviceable method for the M. kl. R. II 
antigen used as a »Slide Test«. 

F. Rappaport and F. Eichhorn state: 

»Ide, Klein, Laughton and Meinicke have described rapid test on 
Slides for the Serodiagnosis of Syphilis, hut these have several draw- 
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backs, c. g. nol every positive sennn can be delected; slide tests arc 
not suitable for a large series of sera liecaiise of evaporation from the 
small amount of fluid on the slides clc.« 

But, while aware of these objections, we llioughl that it would, 
nevertheless, be interesting to attempt to work out a micro-reaction 

with Meinickc antigen. . , , 

This work was carried out in this Institute. The results could then 
be compared with the routine reactions which were carried out W. 
B and Wadsworth Brown’s reaction — and since practically all the 
sera came from the various departments of the University clinic in 
Oslo, it was a comparatively simple matter to obtain further particulars 
about the patients when necessary. 

Itcaycuts, Apporiilus arid Mfthoil. 

llcaflcuts. 

1. Moiiiickc .\iitigcn (.Vstra). 

2. 3.5 % Na.Cl.solution. 

Scrum, 

Apparatus. 

]. Gla.<^s-j)l!itcs, cm. (w.-islied). 

2. Solid iiaraffin. 

I!. Hing i.oop of tliia metal lliread, covered by Ibin coKon tliri'ad. for 
making paraffin ring.s (dianioler atiout 15 mm.) 

1. Pasteur pipettes and a gla.s.s-rod. 

5. Stand (sbolf) for jilacing several glass slides. 

1). .tar M'itti lid large enough to contain above-mentioned stand. 

7. Incubator. 

yfcltiod. 

Prcparnlnnj worU. 'I'lie glass slide's .are eleaiK’d and freed from fat. Mt'lt 
tlie. paraffin and make rings with lin> wire bntjt. On tlu' above-mentioned 
slide, tlicrc should be sufficient room for 20 rings. Tlie sei-um samples are Iben 
hrouglit in tube racks containing .3 low.s, each of wliicli. holding 10. .\s with 
ordinary M.kl.Il., active serum is used. Place a Pastiuir iiipette in each tube. 
Make the antigen - saliiu' mi.vture in tlie usual way and use only salt 
solution witliout soda (nuiin series or series 1). 

One then begins on the first test by blowing a little drop of serum out of 
the Pasteur pipette down into tlie first ring on the top left-hand side of a 
marked slide. Blow out of the pipette (back on to the test or out into its own 
container) and place it in water iminediatel.v. Do Die same with all the tests, 
and within 1—2 minutes, tliere will lie a drop from each of the .30 tests, each 
in its own ring. Then, from a Pasteur pipette of suitably coarse calibre, plttce 
2 drops of the preiiared antigen .salt .solution mixture into each ring. With 
a glass-rod, mix the serum and the antigen. If the slide is free from grease, 
the mixture, will spread out evenly. Shonld there he a trace of grease left, 
die mixture will form a contracted drop. M'ipe the glass rod (bt'lweeii each 
test) with Jilotting-paper, Ji clean towel or a sponge. When the glass-slides 
.are finished, place them in the stand, wliich is then put. down in a jar in 
he incubator. See that there is alwa.vs a little water in the jar. for otherwise 
the test will ova])orate somewhat. 

Ihc test .should be inculialed for 21) 30 miiniles and will then ho ri'adv 
tor muling. 


■< 9 ' 
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Ueudivg In strongly positive reactions, the agglutination is so clear as 
to he leadable -nutli the naked eye, and comes after 4—5 minutes’ incubation. 
Otherwise, go over the tests with the microscope using dimmed illumination 
and a magnification of approximately 40 — 50. After some practice, one does 
not need more than a moment on each test to be able to read even the weakest 
positive reaction. All positive sera should be taken out and tested with an 
ordinary iM.kl.R.II and WR, if desirable with quantitative reactions. 


A slide-test with Meinicke antigen was, by this method, carried out 
on 3,100 sera, parallel with Wadsworth-Brown and Wassermann reac- 
tions. All the positive sera were tested with ordinary M. kl.R. II. The 
Avork Avas done in three series (I, II and III on respectively 1,100, 1,000 
and 1,000) and it is AvorthAA'hile to shoAv the results separately because 
they demonstrate clearly how much importance must be attached to 
experience. 

As already stated, practically all the sera in Series I, II and III were 
taken from persons undergoing treatment for one disease or another 
in A'arious departments of the UnWersity clinic, including some from 
knoAvn cases of syphilis. 

In Series I, 229 sera in all reacted positiA^ely Avith one or more 
reactions. Of the positives, 120 (Group A) came from knoAvn syphilitics 
and 109 (Group B) from patients Avith a diagnosis other than syphilis. 
Of Group B, 41 (Group BI) Avere verified as specific reactions and 68 
(Group B II) as non-specific or false. (By false reactions is meant in 
this case, those Avhich have occurred as a result of the transfer of 
anti-bodies from a syphilitic serum to a negative serum through a 
technical error). The figures, corresponding to Series I, for Series II 
and III, will be found in Table No. I. A general survey of the results 
of the investigation is given in Tables no. 2, 3 and 4. 

Before going on to discuss the tables, it should be pointed out that 
the total figure of positives includes a large number of A'ery Aveak and 
uncertain reactions, as the tests Avere read Avithout any knoAvledge of 
the clinical diagnosis. Most of the unspecific ones were such \A'eak 
reactions which usually were eliminated by a re-testing of the same 
serum or by a new test. WadsAvorth-BroAvn and Wassermann reactions 
Avere carried out and read by one person; Micro M. kl. R. and M. kl. R. 
by another (present Avriter) without consultation, before the results 

Avere Avritten down. 

Table No. 2 shoAVs combinations of positive reactions — both spe- 
cific and non-specific. As the purpose of the work was to examine 
Micro-M. Kl. R. as an exclusion-test, one Avill immediately observe that 
some sera from known cases of lues gave positive reaction with WR 
or WadsAV., but failed on the micro-tests. The Avhole question concerns 
tAA'o sera AA'hich only gaA^e positiA'c reaction AA'ith WR and five sera 
Avhich only gave positive reaction Avith WadsAV. The five Avere all from 
treated cases of lues and gave A'ery weak reactions. Three occui in the 
Isl series and tAvo in the beginning of the 2nd series, so that it. is 
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Tabic •/. 

Series I. H- HI- 

1. Total number of teslecl sera 1100 1000 .1000 

Total number of sera which gave pos. reaction with one 

or more antigens 220 IGo 210 

3. Total number of pos. sera which originated from known 

cases of (Group A.) 120 82 8G 

-i. Total number of pos. sera which originated from undia- 
gnosed cases of syphilis and other diseases (Gi-oup B.) 100 83 133 

5. Number of group B verified as syphilis (Group B,) 41 33 37 

G. Number of group B verified ns nonspecific (Group B,).. oS GO 06 


Table 2. 

Combination of positive reactions. 



'1 

Series I 
'. N. pos. 229 

(i roups 


Series 11 

T. N. pos. IG.'i 

Groups 

T, 

Series 111 
. N. pos. 2i9 

Group<; 


A 

■ n 

1 «• 


A 

! « 

i »> 

1 Ik 

A 

n 



Total 

120 

109 

41 

, G8 

82 

: 83 

1 33 
( _ -- 

50 

86 1 

133 

I 

96 

Pos. 1.2. 3. 4. 

38 

19 

* 19 

0 

28 

15 

I la 

0 

42 

18 

> 18 , 

0 

Pos. 1.3.4. 
Neg.2. 

4 

2 

2 

0 

1 

0 

0 

0 

r> 

1 

, 1 

0 

Pos. 1.4. 

Neg. 2. 3. 

0 

0 

0 

0 

0 

1 ^ 

; 0 

i 0 

2 

0 

1 

1 0 

0 

Pos. 1. 

Neg. 2. 3. 4 

1 i 

! 0 

0 

1 

\ 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

Neg.l. 

Pos. 2.3.4. 

j 

*18 j 

12 

12 

0 

28 

9 

9 

0 

30 

15 

13 

2 

Neg. 1. 2. 

Pos. 3. 4. 

20 i 

3 

i 2 

i 

1 

19 

10 

G 

4 

3 

6 

' 4 

2 

Neg. 1.2. .3. 
Pos. 4. 

1 

G 

49 

1 

1 

: 4 

•If) 

4 

26 

3 

23 

3 

G 

1 

n 

Neg. 1..S. 

Pos. 2. 4. 

0 

0 

! 

1 

4 

0 

0 

0 

0 

0 

0 

! 0 

0 

Neg. 1.3. 4. 
Pos. 2. 

3 

19 

1 1 

IS 

2 

23 

! 0 

23 

0 

81 

1 0 

81 


1. stands for WR. 

2- » » Wadsworth B. R. 

« » M.Kl. R.ll. 

” Micro-M. Kl. R. (Rai)id slide test.) 


reasonable to suppose that on account of technichl errors and unccr- 

onecan!! of these have been lost. On the other hand, 

0 ignoie the possibility that it ma3' he a case of non-specific 
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reactions, which a large percentage of the weak positive Wadsw. reac- 
tions proved to he. 

Of the two sera from known cases of syphilis which gave only 
positive WR, one occurs in Series I and one in Series III. In the first 
series, the test was taken from a treated syphilitic and gave very 
slight inhibition of hemolysis. Again, one must suppose that here too 
the discrepancy is due to a chance error. 

With the test in the 3rd scries, the conditions are quite different, 
for it was taken from an untreated case of lues. In this case, WR was 
very strongly positive and when this serum was mixed with negative 

Table 3. 

Group A (see table I) in each of the tlii-ec series. , 

Number of positive results with each different reaction. 


Group A. 



Series 1 

T. N. pos. 120 
(too %) 

Series II 

T. N. pos. 82 
(100 %) 

Series III 

T. N. pos. 86 
(100 

WB. 

43 (35,8 o/o) 

29 (35,4 o/o) 

50 (58,1 o/o) 

Wadsw. B. R. 

89 (74,2 o/o) 

58 (70,7 o/o) 

73 (83,7 o/o) 

M. Kl R. 11. 

110 (91,7 o/o) 

76 (92,7 o/o) 

80 (93 O/o) 

Micro- 
M. Kl. R. 

116 (96,7 o/o) 

80 (97,6 0;o) 

85 (98,8 o,o) 


Tabic 4. 

Group B (see table 1) with sub-groups B, and B^. 
Number of positive results witli each different reaction. 


Group B. 



1 Series 1 

1 

Series II 

Series III 


Bi 

T. N. 41 

Bs 

T. N. 68 

T. N. 33 

B 2 

T. N. 50 

B, 1 
T. N. 37 ! 

Bs 

T. N. 96 


(100 %) 

1 

(10(1 %) 

(100 «/o) 

(100 %) 

(100 %) i 

(100 '%) 

WR. 

21 

(51 ,2 o/o) 

i 0 

1 (Oo/o) 

15 

(45,0 O/o) 1 

i 

[ (OO/o) 

20 

( 54 , 50 / 0 ) 

2 

(2,1 0 / 0 ) 

Wadsw. B. R. 

33 

(80,5 o/o) 

22 

( 33 , 30 / 0 ) 

24 

( 72 , 70 / 0 ) 

! 23 

j ( 430 , 0 ) 

33 

( 86 , 50 / 0 ) ; 

88 

(91,7 0 , 0 ) 

M. Kl. R. II. 

35 

(85,4 o/o) 

1 

( 1 , 50 , 0 ) 

30 

( 90 , 90 / 0 ) 

4* 

(8 0 / 0 ) 

1 

1 

1 

2 

( 2 , 70 / 0 ) 

Micro- 
M. Kl. R. 

40 

(97,6 o/o) 

50 

i (73,6 o/n) 

33 

(100 0 / 0 ) 

27 

( 540 , 0 ) 

37 

(100 0 / 0 ) 

13 

1 ( 13 , 50 , 0 ) 


*) From 4 cases of organic heart diseases. 



773 


scrum, a positive micro-test resulted. This was therefore a case of 
prozone and immediate evidence that the micro-test was not absolutely 
reliable as an exclusion test — -which, admittedly, no other precipita- 
tion reaction is either. 

At short intervals, 3 tests w’ere taken from this patient. On one 
occasion, the micro-test was quite negative, on another, wealvly po- 
sitive, and on a third, somewhat more strongly positive. The reason 
for the variable result is that the drops of serum may vary somewhat 
in size and the drops of antigen likewise. With the combination — 
1 small drop of serum + 2 large drops of antigen — the strong serum 
will give a positive reaction, whilst a large drop of serum will give 
prozone. (This was done repeatedly as an experiment). 

Each of the 3 samples of this serum gave quite negative reaction 
with ordinary test-tube M. kl. R. and became positive when diluted 
Avilh negative serum. Wadsw. R. acted in the same Avay. (In diagram I, 
one of the samples is diluted Avith ncgath'c serum, Micro-M. kl. R., test- 
tube M. kl. R., and WR carried out on the dilutions). Wadsw. reaction 
failed on several strong lues sera on account of prozone — one of the 
causes of the great handicap of this i-eaction. 

Tabic no. 3 shoAvs the total number of sera from known cases of 
syphilis AAdiich reacted positiA'cl5'^ in one or more reactions and the 
number and percentage detected Avilh the separate reactions. Micro- 
M. kl.R. comes first Avith 96.7 % — 97.6 % and 98.8 % in the 1st, 2nd 
and 3rd Scries respectively, Avilh test tube M. kl. R. approximately 
5 — 6 % beloAV, WadsAv. comes in the 1st and 2nd Series approximately 
20 % beloAv test tube M. kl. R. II. In the 3rd Series, a more sensitive 
WadsAV. antigen Avas used, and the result came 10 % nearer test tube 
M. kl. R., but, as Avill be seen from Table 3, this antigen gave so many 
non-specific reactions, Avhich Averc often moderately strong and some- 
times strong, that it had to be considered AA'holly unserAuceablc. 

The great rise in the percentage of positive WR in the 3rd Series 
is due to a more sensitiA'c antigen. Table no. 4 gh^es a surA^ey of the 
positive sera taken from patients AA'ith different diseases, including 
some Avith undiagnosed syphilis. For each series is given the total 
number. of sera Avhich reacted positWely and Iioav manj' there Avere 
of these Avhich.Avere verified as specific reactions and as false or non- 
specific. Micro-M. kl. R. detects in the 1st Series, 97.6 % of all those 
Verified as lues sera; in the 2nd and 3rd Series, 100 %. Ordinary 
M. kl. R. in selective ability is second to the micro reaction and gives 
the smallest number of false or non-specific reactions. WadsAv. B. R. 
gives, both in the 1st and 2nd series, a large number of the non-specific 
(false) reactions and is responsible for the majority in the, 3rd series, 
when the more sensitive antigen AA'as used. One observes that ip the 
St series, Micro-M. kl. R. gives 73.6 % of the non-specific, Avhile in 
ibe 3rd series, the figure has dropped to 13.5 %. 

fherc Avere several reasons for the large number of false Micro- 
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M. kl. R. in the 1st series. A glass pencil was used in the beginning, in- 
stead of paraffin rings, to divide off the glass slide into squares, but 
this did not stick well, and quite often the tests flowed together some- 
what. Another factor was that thin sealed glass capillaries were used 
instead of a thick glass rod for mixing the tests, and it was not 
practicable to clean these properly between the tests. The most im- 
portant source of error was, however, that small drops of serum also 
spirted onto the adjacent rings if one blew without due care when the 
test was about to be placed into its ring. After a little practice, this 
seldom occurs, but should one find that there is a weak agglutination 
in several places around a strongly positive test, this may be the cause. 
If a drop of serum is squeezed out of the Pasteur pipette with the 
fingertip, this source of error is avoided. 

As a final precaution against technical errors, one may set up a 
new test from each of the selected positive sera. In this case, one must 


Diagra.m I 

SerumdilutioTL. 



A very strongly positive serum diluted in negative serum. Micro-M.Kl.R., 
ordinary M.Kl.R.II. and WR was carried out on the dilutions (see p. 774 and 
p. 777. For explanation of series I & II see p. 776). 

take great care with the placing of the drop of serum, washing the 
glass rod thoroughly between each test. Those tests which might have 
appeared to be weakly positive, on account of some technical error, 

should thus be eliminated. . j 

A number of the weak non-specific reactions must be attributed 
to that part of the work which is carried out before the tests come into 
the laboratory. This is now and again demonstrated clearly, m that, 
practically all the tests from one particular department give weakly 
positive precipitation reactions without there being any indication that 
they can be of a specific nature, and while, at the same time, tests from 
other departments give clear results. 
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The significance of quantitative syphilis reactions has been men- 
tioned above. During this last war, the author treated a large number 
of men of the Royal Norwegian Navy and Norwegian Merchant Navy 
with a 5-day intensive Mapharside treatment. As part of the follow-up 
of the patient, a number of trials were made with M. kl. R. as a quan- 
titative reaction. The method was quite simple; the positive serum was 
diluted in negative serum and then prepared as ordinary M. kl.R. 

The following figures were used in grading the results; 


for; M.kl.R. 

0 — No clarification; 

1 — Appreciable clarification; 

2 — Strong » 

3 — Almost complete » 

4 — Complete » 


for; WR. 

corresponds to 100 % Lysis. 

» » 75 % » 

» » 50 % » 

» » 25 % » 

» » No » 


The figures for the clarification of each separate lube in the row 
of titrations are added up and the total is used as an expression of 
the contents of anti-bodies in the positive scrum. For 5>over-strong« 
sera with prozonc, 4 was reckoned as the value for each tube in the 
prozone range — (Diagram I; WR = 39, Series 1 M. kl. R. II = 55, 
Series II M. kl. R. II = 47), 



Quuntitativc Wit and M.Kl.It.Il. carried out on 1G2 sera isee p. 777) 
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This method produced results which one believed, to be useful. 
To begin with, two rows of titrations were set up and used: 

Series I: Antigen mixed with 3.5 % Na. Cl. Solution, and 

Series II: » » » 3.5 '%Na. Cl. » + 0.01 % soda. 

Series I was found to he adequate and Series II was therefore dis 
continued in routine tests. . 

In order to ascertain the relationship between quantitative M. Id. R. 
and quantitative WR, the following experiment was carried out in this 
Institute: 

162 sera from known cases of syphilis, varying from weak to 
strongly positive were titrated in negative serum. From each tube in 
the row of titrations, 0.2 was used for M. kl.R. and 0.1 for WR. The 
result of this experiment is given in Diagram II. As will be seen, the 
curves showing the two reactions run fairly parallel, and one may 
assume that the quantitative difference between the reactivities of 
the M. kl. R. antigen and the WR antigen is constant from serum to 
serum, provided that an accurate method and the same reagents are 
used. 

Each new antigen which is taken into' use should be tried out on a 
number of sera parallel with the antigen it is intended to replace. If 
one takes into consideration the relation between the reactivities of 
the titrated antigens, it will be possible to obtain greater continuity in 
progress of successive quantitative reactions for a definite serum. 


Conclusion: 

1 . A method tor the use of Meinicke antigen in a rapid micro-reaction 
is described. 

2. The method has been compared with WR and Wadsworth Brown 
reaction on 3100 sera. In one positive serum, it failed on account 
of prozone inhibition — a fact which shows that it was not 100 % 
safe as an exclusion test. 

3. M. kl. R. was used as a quantitative reaction in comparison ^^dth 
WR. The proportion between the titres of quantitative M. kl. R. 
and quantitative WR seems to be fairly constant from serum to 
serum, provided that the same reagents and an accurate method 
are employed. 


Since medio 1946 the rapid slide test ^^ith Meinicke antigen has 
been performed as routine method in this institute. All sera which did 
not show a definitely negative micro test, were examined with W. R- 
and ordinary M. kl. R. II. In all excluded sera (definitely negative micro 
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Icsl) a simplified W. R. (one dose only) was done, a precaution taken 
Id eliminate loss of positive reaclions through prozone phenomenon. 

Total no. of sera examined with the micro tesf 10730 

» » » which showed negative result 0210 


y » picked for further examination 1515 

All picked sera were tested with quantitative W. R. and 

M. Id. R. 11. Both or one of the reactions were pos. in 1263 


Surplus 252 


The clinical diagnosis of i)alients wliosc serum showed a trace or 
weakly positive micro test only: 


Total no. of sorti; 2.")'.! (100 %) 

.Syphilis Of' 27 » 

Cases uiulor ohs. in a IM). dept .‘ii » 

Skin di.seascs 31 12,2 » 

Xo information 22 S.7 » 

Organic lioart disease' 10 5 » 

.\rtlirosis or arthritis 10 1 » 

Venereal diseases otlier than syithilis 0 2,2 » 

Cciihalalgia 1 1,0 » 

Iridocyclitis and choroiditis 1 1.0 « 

Tinnorcs? 3 1,2 » 

Under 00 other diagnoses 00 21 » 


In llie majority of the 252 sera llic micro test was very weakly 
positive or .showed just a trace. And usually these doubtful reactions 
liappencd to he found next to a strong positive reaction. In a smaller 
mnnher the micro test was weak hut definitely positive. 

During the year the micro test was carried out hy four different 
person.s, (3 months each) and each of them is. before they liad expe- 
rience, responsible for some traces and weak reactions wliich must be 
regarded as unspecific. 
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TRICHINOSIS IN GREENLAND 

By Niels B. Thorborg, Svcnd Tulinius, and Hans Roth/) 

(Received for publication June 23rd. 1948.) 

Although the little round worm, Trichinella spiralis, and the disease 
due to it, called trichinosis, were not discovered before the nineteenth 
century, there is no doubt that infection with this parasite occurred in 
ancient times. In fact, it was perhaps more common in those times- 
when mankind was carnivorous to a greater degree and lived on raw 
or undercooked meat. 

In our day trichinosis is still found with varying frequency in 
many countries, hut as a rule the disease is considered to be limited 
to the temperate and subtropical zones. It seems surprising, if one 
considers from a purely speculative standpoint the geographical limits 
of the disease, that trichinosis should not be more common in arctic 
regions. The eating habits and diet of the native population would 
appear to be conducive to Trichinella infection; but until the time of 
the present investigation, no cases of infestation had been reported 
from the largest arctic island, Greenland. 

This paper reports the details of an investigation carried out in 
1947 which established that trichinosis is present in the northern part 
of Greenland, and that it has also occurred there in the past. 

Outbreaks in 19i7. 

On May 11th, 1947, the State Serum Institute in Copenhagen was 
asked for assistance by the Greenland Government, because an epi- 
demic of an obscure nature had occurred in the settlements around 
Disco Bay. 148 cases with 4 deaths had been reported from the Jakobs- 
havn and Kutdligssat Districts. The disease was said to be somewhat 


•) The serological examinations were performed at the Department of 
Special Pathology and Therapy, The Royal Veterinary and Agricultural Col- 
lege, Copenhagen (Director: Professor H. C. .lendixen). 
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like paratyphoid fever. The State Serum Institute was asked to make 
an investigation as to the actual nature of the epidemic. 

On May 17th. one of the Institute’s assistants (Thorhorg) left for 
Greenland, taking with him laboratory equipment for diagnosis of 
enteric infections. 

The clinical and epidemiological observations which will be describ- 
ed in the follomng, are partly taken from the notes and oral com- 
munications of the local physicians, partly from personal observations 
and from information given by the native population. In many respects 
the data given ought to be more exhaustive, but one must consider 
the difficulties of medical work in Greenland. Each physician has the 



responsibility for a very large district without much assistance. Means 
of transportation are primitive, the climate is rigorous and care 1 
supervision of the patients is often impracticable. Furthermore, lin- 
guistic difficulties and the special mentality of the 
the anamnestic information somewhat unreliable. e 
bad dwellings also make the examination of the patients ^i^cult i 
many cases; even in the hospitals, the possibilities of performing la- 
boratory examinations are poor. 

From the first days of January until the middle of 
300 cases with 33 deaths occurred. All cases, with the ex p 
tw’o, were distributed in the districts around Disco Bay as 
as Holsteinsborg. 
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Geographically and chronologically the cases can be grouped into 
six oulhrcaks: 

In Kekerlak and Ikorfal: 37 cases (3 deaths), 61h Jan.— middle of 
Fell. 1047. 

In Egcdesmindc: 20 — 30 cases, about 1st Feb. — about 1st Ajiril 1047. 
In Jirkob.sbavn : 32 cases (3 deaths), 16tb March — 12th May 1947. 

In Christianshaah and Claushavn; 13 cases (1 death), April 1047. 

In Holsteinsborg, Avssakutak, Uinanarssuk, and Sarkak plus Sukker- 
loppcn: oO plus 2 cases (15 deaths), 14th March — 10th May 
1047. 

In Kntdligssal: 131 cases (11 deaths), 27th March — 30th May 1047. 


Picture of the disease. 

Onset. In most cases the illness started with gradually increasing 
malaise, headache, fatigue, jiains in the trunk and the limbs, and a 
moderate fever. In some cases diarrhoea occurred; now and then sore 
throat or otlicr catarrhal .symptoms were oliscrvcd. In some instances 
the disease began with chills, high fever, headache, severe pains of 
the limbs as well as vomiting and diarrhoea. 

Fever. In the first days tlie temperature gradually rose to 30 — 40" 
C, often followed by intermittent temperature (about 3S — 30” C) for 
a variable period, terminated by lysis. The patients as a rule had a 
slight fever for about 1 — 2 weeks. J)eforc the temperature returned to 
normal. In some j)alionl.s the fever was high from the beginning, while 
in others there was moderate fever during the whole lime they were 
ill. A few mild cases were afebrile. 

Exanthema. About SO % of the patients showed a rash of varying 
form at the beginning of the illness or some days afterwards. In some 
cases, however, it was not seen until later. The form most often seen 
was represented l)y non-itching, pink spots, 2- 4 mm in size, which 
first appeared on the extremitic.s. particularly on the legs, and then 
extended to the trunk. In other cases there was an intense, maculo- 
papular, morhilliform exanthema all over the body and the face. Some- 
times it look scarlatina form, and some patients had strongly itching 
urticaria which was sometimes recurrent. 

The rash persisted from a few days to 2 — 3 weeks; as a rule its 
duration was one week. 

Edema. In the first days of the second week after the onset, but 
often earlier, and in a few cases even starling from the onset, edema of 
the face or of the extremities aijpeared. In the most severe cases, the 
edema was generalised; two patients .showed very great edema of the 
penis and scrotum. During the course of the disease the edema seemed 
more to become an edema of myocardial origin. In some of the mildest 
cases the. edema was transient, persisting no longer than a few days. 

Muscular siimptoms. Almost all patients complained of weakness 
and pains in the muscles, particularly in those of the hack and the ex- 
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Iremities, but also in those of the face. In several cases the pains 
caused trismus and difficultj' in swallowing. It was characteristic that 
severely affected patients were forced to lie supine with the arms 
somewhat flexed. Any movement was attended by pain. Several patients 
complained of pains behind the sternurh or in the uppermost part of 
the epigastrium (Myocarditis? Diaphragmatic pains?). 

Gastro-intestinal symptoms. Approximately half of the patrents had 
diarrhoea at some time during the disease, either at the beginning 
or later on; generally it persisted for 1—2 days, but it often recurred, 
and in a few' persons it lasted persistently for several weeks. The 
stools were bloody in several cases; in two patients haemorrhage of 
the bowel was so intense that it must be considered the direct cause 
of death. 

Cardialgia, abdominal pains of a more vague character, constipa- 
tion and distension occurred frequently. 

No enlargement of the spleen or the liver w'as observed. One patient 
had transient icterus. 

Cardio-vascular symptoms. The blood pressure was low (systolic 
pressure less than 100 mm) in those cases w'here it wms determined. 
The pulse w'as relatively slow in some cases, but in many patients it 
w'as more rapid than might have been expected in comparison with 
temperature. This phenomenon must be considered as a sign of myo- 
cardial involvement w'hich in a number of cases was also manifested 
1 ) 5 ' stasis of the lungs, hypostatic edema and cardiac dilation. 

Among the deaths were several cases of sudden death, w'hich no 
doubt were due to myocarditis. 

Other cardio-vascular symptoms included cutaneous, intestinal, and 
vaginal haemorrhage. Gangrene of one foot, presumably as a conse- 
quence of arterial thrombosis, was seen in 1 patient. 

Pulmonary symptoms. A number of patients had a cough, but no other 
pulmonary symptoms. 

Many of the severely affected patients show'ed dyspnoea due to 
myocardial insuffiency, w'hich w'as often complicated by pneumonia. 

Neurologic symptoms. Headache and insomnia w'ere among the 
most frequent complaints. 

The severely affected patients show'ed apathy. 

A 12-year-old girl, on the last day before her death, w'as restless 
and confused, w'ith incessant vomiting, which symptoms were pos- 
sibl 5 ' of cerebral origin. 

A few patients complained of disturbed vision. Ptosis and paresis 
of the abducens nerve w'as observed in one patient. 

General course of disease. The disease varied in severity from very 
mild to fatally-terminating cases; the period of illness varied from a 
few days to 12 w’eeks. In children it generally had a milder course 
than in adults, but, on the other hand, death also occurred among 
children. 
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In the mildest cases the patients did not show other sj'mptoms 
than a transient rash or a slight edema of the face, possibly slight 

fever* 

In serious cases, the general condition of the patient was poor with 
severe muscle pains, generalised edema and myocarditis. 

The clinical picture was different in different localities. Thus for 
example only mild or moderate cases occurred in Egedesminde, while 
severe cases were especially seen in Avssakutak. In conformity with 
this, the mortality rate varied from 0 to 37 %. The average mortality 
rate for the epidemic as a whole was about 10 % (Table 1). 

Death occurred in most cases after about 4 weeks’ illness; in some 
cases, however, even earlier, and in 2 cases as late as 3 months after 
the onset. The immediate cause of death usually appeared to be myo- 
carditis, often complicated with pneumonia; in 2 cases, however, the 
cause of death was intestinal haemorrhage. 

The convalescent period was rather long, accompanied by fatigue, 
pains in the muscles, and edema of the feet and ankles. Many patients 
were obviously anaemic during convalescence. 

On the whole, the symptoms corresponded generally xvith the usual 
description of the disease, although certain irregularities w’ere noticed. 

The conventional classification of the disease into 3 stages, viz. 
1st stage — with predominant gastro-intestinal symptoms, 2nd stage 

— with fever, edema of the face and general intoxication, 3rd stage 

— with predominant muscular symptoms was observed only in some 
of the cases. In reality the Isl stage was often lacking altogether, and 
no definite boundary could be seen between the 2nd and 3rd stages. 

The cutaneous symptoms with exanthema seem to have been much 
more prominent in our cases than is generally described. Freqnentlj’ 
the patients called on the doctor because of rash, without any other es- 
sential symptoms. Edema of the eyelids which is described as parti- 
cularly characteristic, seldom occurred as an isolated phenomenon. 
Edema of face was rather more localised to the region over the cheek- 
bones or over the masseters; on the whole, edema of the face alone 
was not more frequent than edema of the hands or the lower ex- 
tremities. 

Myocardial involvement apparently occurred very frequently; but 
as there were no possibilities of taking electro-cardiograms, this ques- 
tion cannot be determined accurately. 

Epidemiology. 

Onlj' the native population was afflicted. There was no difference 
m the distribution between the two sexes. The youngest patient was 2 
3 ears, the eldest 63. Contagion from person to person was never dc- 
ermined. In most places the disease was thought to have some con- 
nec ion with the hunting of Avalrus and with the consumption of 
warus-meat. A more detailed discussion of the possible sources of 
nfechon will be given later. 

Acta path. Vol. XXV. 4 
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Diagnosis. 

It IS not difficult, with the symptoms described above to diagnose 
»Trichinosis«, provided the general picture of the disease has been 
kept in mind. In reality however the situation proved to be much more 
complicated. 

At the time of the investigation of the epidemic, no one had a 
complete picture of the course of the disease in the localities where 
it was most characteristic. The original theory that the disease was 
typhoid or paratyphoid was ‘soon found to be unlikely, though la- 
boratory examinations made in Greenland gave some support to the 
diagnosis of typhoid fever. The Widal test was found to be positive 
in some cases, and typhoid organisms were cultivated from the faeces 
of a single patient. This patient however was no doubt a chronic 
carrier. 

Particularly the edema and the long interval before death sug- 
gested a parasitic disease. On the basis of information received re- 
garding the clinical course of the outbreak in Holsteinsborg, and of 
the observations of the non-contagious character of the disease, the 
diagnosis of trichinosis could be made (Tulinius). This diagnosis was 
confirmed by the examination of a blood sample, taken on 2nd July 
1947 in Denmark, from a Greenland w-oman who in March had had a 
severe attack of the disease. The serum gave a strong positive reac- 
tion by the microscopical precipitin test with living trichina larvae 
(Roth). 

The diagnosis of trichinosis was later (2 to 6 months after the 
onset of the illness) verified by 1) differential counting of 39 blood 
smears, 33 of which showed eosinophilia, i. e. more than 4 % eosino- 
philes; 2) 24 intradermal tests wdth trichina antigen, 22 of which gave 
positive reaction; 3) serological examination of 62 blood samples 
brought from Greenland to Denmark, 60 of which reacted positively; 
and finallj' by 4) histologic examination of muscles from a patient- 
who had died after 3 months’ illness. The musculature was crowded 
with numerous trichina larvae, almost all encapsulated (Prosektor Dr. 
med. Harold Gormsen) . 

The serological examinations will be treated in more detail in a 
later paper by Alice Reyn and Hans Roth. 

Diagnosis of single outbreaks. 

Kekertak and Ikorfat: Out of 12 blood smears from patients who 
had recovered, 10 showed eosinophilia, and out of 9 serum samples, 
8 gave positive reaction. 

Egedesminde: All cases were mild or moderately severe. No blood 
samples w’ere available from these patients, but the clinical picture 
was so characteristic that there can be no doubt about the correctness 
of the diagnosis. 

Jakobshavn, Claushavn and Christianshaab : The disease was quite 
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Fig. i. 

Section of m, biceps. Greenland woman, having succumbed to trichinosis 
after 3 months’ illness. Magnif. X 65. 

typical in all patients. Serum samples and blood smears were taken 
from 11 patients and showed positive seroreaction and eosinophilia in 
10 cases. 

Holsteinsborg and Avssakiitak: Serum samples from 16 patients 
from Holsteinsborg and Avssakutak were all positive. Of 24 intra- 
dermal tests 22 were positive, and of 6 blood smears 5 showed eosino- 
philia. 

Umanarssiik and Sarkak (both outposts to Holsteinsborg) : 4 and 
1 typical cases respectively. 

Kutdligssat : Serum samples from 27 patients were all positive. 9 
out of 10 blood smears showed eosinophilia. In one patient, as already 
mentioned, the diagnosis was verified by postmortem examination of 
the musculature (Fig. 1). 

Sukkertoppen: In the Sukkertoppen District 2 cases occurred in 
April. As will be discussed later these cases w'ere connected with the 
outbreak in Holsteinsborg. One of these patients died suddenly during 
an excursion to the mountains, after his convalescence w'as apparently 
complete. The cause of death was doubtless cardiac failure. A survey'^ 
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of all known cases is given in Table 1, while Table 2 gives the dates 
of the occurrence of the cases in the different places. It will be seen 
from Table 2 that more than half of all the cases began in April. The 
distribution of age as determined for 204 patients is shown in Table 3. 


Table i. 

Survey of the cases and the mortality rate. 



Number 

Inhab. Cases j 

Percentage 
of the 
population 

Deaths 

Mortality 

rate 

Kutdligssat 

930 

131 

14 

11 

8 

Kekertak + Ikorfat . . 

150 

37 

25 

3 

8 

Jakobshavn 

700 

32 

5 

3 

9 

Claushavn 

280 

1 


0 

0 

Christianshaab 

200 

12 

6 

1 

8 

Egedesminde 

700 

30 

4 

0 

0 

Holsteinsborg 

800 

15 

2 

4 

27 

Avssakutak 

150 

30 

20. 

11 

37 

Umanarssuk + Sarkak 

110 

5 

4 

0 

0 

Sukkertoppen 

900 

2 


0(1) 


about 

4920 

295 

6 

33(34) 

11 


Table 2. 

Distribution of the cases according to locality and time. 


Jan. 


Feb. 


March 


April 


May 


Total 


Kutdligssat 

Kekertak + Ikorfat 

Jakobshavn 

Claushavn 

Christianshaab 

Egedesminde 

Holsteinsborg 

Avssakutak 

Umanarssuk 

Sarkak 

Sukkertoppen 


0 0 0 

25 12 0 

0 0 8 

0 0 0 

0 0 0 

0 20 10 

0 0 5 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

25 32 23 


112 

19 

131 

0 

0 

37 

16 

8 

32 

1 

0 

1 

12 

0 

12 

0 

0 

30 

10 

0 

15 

15 

15 

30 

0 

4 

4 

0 

1 

1 

2 

0 

2 

168 

47 

295 


Table 3. 

Age distribution o f 204 patients. 

Age 2—9 10—19 20—29 30—39 40—49 > 50 years 

Number 27 60 50 31 24 12 
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Probable sources of infection. 

The native population of North Greenland obtains its most im- 
portant foods of animal origin by bunting and fishing. There are fish, 
birds, and sea mammals: seal, walrus, white whale, and other whales, 
as well as terrestrial mammals such as polar bear, reindeer, arctic 
fox, and Greenland hare. Besides, quite a considerable quantity of dog- 
meat is consumed. Jerked mutton, pork, sausage, and canned meat can 
he obtained from the trading posts. 

The native population, however, consumes very little pork, as it 
is rather expensive. In the last two years before the outbreak of the 
infection, the pork sold in Greenland was exclusively of Danish origin 
and might therefore be considered as practically free from trichina 
infestation. An extensive system of microscopic trichina control is a 
rule in Denmark, and no trichinous swine have been found since 1930. 

During tbe war, American pork and canned meat was imported to 
Greenland, but taking into consideration the special mentality of the 
Greenlanders, it seems improbable that they would have kept meat 
for 5 'ears. As a matter of fact, all the Greenlanders who had been ill 
denied that they had eaten pork. 

The mutton sold comes from South Greenland; it is unlikely that 
it would contain trichinae, since it is difficult to imagine how these 
herbivorous animals would acquire trichinosis. The same holds good 
for reindeer wdiicli, moreover, were not hunted in 1947 in the districts 
concerned, but only near Sukkertoppen. 

Fishes and birds do not need to be taken into account considering 
all we know' about the biologj' of the trichinae. 

Polar bears, Greenland hares, and arctic foxes are seldom found 
in the districts concerned, and in the abnormally mild w'inter of 1946 — 
47 hunt w'as poor. Furthermore, none of the patients w'ho gave trust- 
worthy information about food consumption had eaten meat of the 
aforementioned animals. A polar bear shot on May 10th near Holsteins- 
borg did not cause any cases. 

Thus only the meat of dogs and of sea mammals are left as pos- 
sible sources of infection. 

From the first, it w'ould be obvious to cast suspicion upon the dogs. 
It is w’ellknowm that they maj' become infected w'ith trichinae, and 
the Greenland sledge dog especially eats everything it can get hold 
of. The meat of dogs is considered a delicacy in Greenland, but it is 
not eaten to any great extent, except in cases of emergency, since the 
meat of old dogs is not good, and the young dogs are kept for other 
purposes. The theorj' that the dog w'as the source of infection fits 
in with the geographical distribution, as the epidemic extended just 
as far south as sledge dogs are used. On the other hand, it is difficult 
to explain w'hy such large outbreaks occurred simultaneously'; nor 
0 the reports of food "consumed lend support to the theory' that meat 
0 dogs should have caused more than a limited number of cases at 
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most. Out of 152 patients who gave information regarding their food, 
32 had eaten dog-meat less than one month before the onset of illness. 

Attention must therefore be particularly directed towards sea mam- 
mals, and^among them especially the walrus (Odobaenus rosmarus). 

In 1947 the hunting of walrus started in January-February. Great 
number of these animals gather in the Spring when they cross the 
Davis Strait, coming from the coast of Baffin Island. The most southern 
region which they visit, is the Holsteinsborg District, while great 
numbers cross to the Disco Bay. From here the walrus migrate north- 
ward in the early Spring along the coast up to the Thule District, where 
they find their principal food on the large shell-grounds in the Wolsten- 
holme Fjord. Since the walrus is a very big animal and its meat is 
often eaten raw or undercooked,' a single walrus might if it were in- 
fected with trichinae, be the source of many cases of trichinosis, more- 
over these might be severe infections, as the Greenlanders consume 
very considerable portions of the meat. 

If we compare the different districts, the dates of the hunting of 
walrus, and the beginning of trichinosis, an obvious coincidence is 
found in most cases. 

In Holsteinsborg and in Avssakutak where the Greenlanders band 
together for the hunt, most cases occurred 1 — 2 weeks after the begin- 
ning of the walrus season. Moreover, all patients here had eaten walriis- 
meat. In Sukkertoppen, where no walrus are hunted, the only two 
patients with trichinosis had, nearly 2 weeks before they took ill, eaten 
walrus-meat sent to them from Holsteinsborg. 

In Egedesininde the epidemic also began shortly after the begin- 
ning of the hunting of walrus. Although no information was available 
from single patients, there is no doubt that they had eaten walrus- 
meat. 

In Christianshaab, 5 out of 10 patients volunteered the information 
that they had eaten walrus, while the other 5 said they had not. The 
single patient from Claushavn had eaten walrus during a visit to 
Christianshaab. 

In Jakobshavn the disease began after walrus-meat had been re- 
ceived in the district. Nevertheless some of the patients asserted that 
they had not eaten it. 

In Kutdligssat, where many cases occurred, all the patients had 
eaten walrus-meat. 

In Kekertak and Ikorfat no walrus hunting had taken place, and 
it was impossible that the inhabitants had. obtained walrus-meat from 
other places. What the possible source may have been will be discus- 
sed later. 

From data regarding walrus-skins purchased by the Government 
it is possible to get an idea of the quantities of walrus-meat which 
might have been available. In Holsteinsborg and Avssakutak 124 and 
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262 walrus-skins respectively were purchased during January — May 
1947. 

The history of food consumed thus strongly indicated that walrus- 
meat might have been the cause of most of the cases of trichinosis, 
since an overwhelming majority of patients had eaten walrus-meat 
shortly before they took ill. 

Moreover, no new' cases arose, after the walrus caught in the Spring 
had been eaten. No cases of trichinosis occurred south of the districts 
w'here w’alrus-meat was eaten; hut on the other hand, there have been 
no reports of trichinosis further north, where a great number of walrus 
are caught. Finally a number of patients maintained that they had 
not eaten w'alrus-meat. 

The way in which the walrus might acquire its possible infesta- 
tion with trichinae is a most interesting question. It is generally ac- 
cepted that this sea mammal lives onl 5 ' on shells, fishes etc. How'ever, 
it must he mentioned in this connection that remnants of seals have 
been found in the stomachs of w’alrus. It is possible that a voracious 
animal such us the w’alrus will eat any kind of fresh meat or carrion. 
During the period of- migration northwards, the walrus finds but little 
food and during this period may thus be considered omnivorous. When 
they arrive at the shell grounds, remnants of shells are exclusively 
found in their stomachs. 

As mentioned before, the outbreak in Kekertak had an anamnesis 
different from the others. Because of the information received from 
the inhabitants, none of the previously mentioned sources could be 
taken into consideration. The patients there had eaten no meat of 
swine, dog, fox or walrus. On the other hand, in December 1946 they 
had consumed white whale {Delphinapierus leucas) a toothed whale, 
which feeds principally on fish, molluscs, and crustaceans (the first 
cases of trichinosis began on the 5th of January 1947). Some of the 
patients in Jakobshavn and Chrisliansliaab, who had not eaten w'alrus, 
had consumed white whale. It is therefore not imi)ossibIe that the 
white whale might also be a source of infection. 

In the period immediately before the onset of the disease no other 
kinds of whales had been caught or consumed in the localities Avhere 
trichinosis occurred. 

The most common sea mammals in Greenland are seals, w'hich are 
caught during the whole year in all places, both in North and South 
Greenland. This general distribution of seals makes it very improbable 
that they should be the cause of specific localised outbreaks of tri- 
chinosis. To sum up, it must be stated that it is not yet decisively 
clear w'hat the actual source of infection had been. How'ever, there is 
much evidence to indicate that w'alrus, and possibly w'hite whale, w'erc 
the most essential causes. In this case, it is natural that the Greenland 
sledge dog too is infected to a greater or smaller extent. Unfortunately 
M the time of investigation, it w’as not possible to obtain samples of 
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the meat which was directly suspected of having caused the outbreaks. 

In a few samples of walrus-meat, collected at random, no trichinae 
were found. Meat samples from all the mentioned species of mammals 
are now being gathered for examination for infestation with trichinae 
larvae. 

Earlier outbreaks of trichinosis in Greenland. 

As above mentioned, trichinosis has never before been recorded 
from Greenland. The question then arises: Is trichinosis a quite new 
disease in this arctic region, or has it occurred before, without being 
correctly diagnosed? By checking the health records from Greenland, 
we have found at least two earlier outbreaks which no doubt were 
trichinosis. 

In a report of the District Health Officer in Sukkertoppen a serious 
outbreak is described from Holsteinsborg. This began in June 1944. 
Altogether 63 persons were afflicted, with fever, exanthema, edema, 
pains in the extremities (certainly muscular pains), headache, stiff- 
ness of the neck and the back, occasional catarrhal symptoms, and 
often diarrhoea. 20 patients died (a mortality rate of nearly 30 %). 
At the time, the disease was considered to be an atypical epidemic of 
typhoid fever, as the Widal test was found positive in some cases. 
The outbreak afflicted Holsteinsborg’s outposts Avssakutak, Sarfan- 
guak, Ikerssak, Umanarssuk, Sarkardlet and Ivtilek. It was considered 
that the infection was brought to the district by the walrus hunters, 
who a few weeks before the onset of the epidemic had been in contact 
with hunters from other districts. 

The investigations which were carried out in Holsteinsborg because 
of the new epidemic of 1947, made it possible to take blood samples 
from 5 persons who had been ill in 1944 as well as from 1 person who 
had suffered from a similar disease in 1945. All these samples were 
serologically positive, verifying that previous outbreaks of trichinosis 
had occurred. 

In a report from the District Health Officer in Umanak, an out- 
break which occurred at the beginning of 1933 near Nugssuak is men- 
tioned. The disease is described as »ptomaine poisoning« due to wal-^ 
rus-meat. The number of cases is not recorded. No deaths occurred.\ 
Two walrus had been caught on January 12th and the first cases oc-\ 
curred 2 weeks after the last meat had been consumed. All those who 
had eaten the walrus-meat fell ill, but none of the others. The symp- 
toms were as follows: Fever up to 40® C. ; violent muscle pains, es- 
pecially in the neck and in the lower extremities; edema of the whole 
body, but particularly of the face; diarrhoea without blood; cough 
and dyspnoea. 

Physical examination showed the liver to be a little below the 
right coastal margin; sensitiveness of the musculature, particularly 
in the calf; now and then albumin in the urine; in a few cases ny- 
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stagmus and diplopia. The convalescence was long, with particular 
complaints of tiredness in the lower extremities. The Widal test for 
lyidioid and parat 3 Thoid fever was negative. Considering what we 
now know about the occurrence of trichinosis in Greenland, there 
can be no doubt that this epidemic too was trichinosis. Moreover, also 
on this occasion walrus-meat seems to have been the source of in- 
fection. 

Several times in the reports from Greenland diseases are. described 
which might have been trichinosis. Thus it is probable that trichinosis 
has alreadj' existed for a longer time in the arctic regions. 

This possibilitj' has alreadj' been indicated in two former publica- 
tions which do not seem to have aroused much attention. The Cana- 
dian parasitologist L IT. Parnell writes in 1934: »Rather more in the 
realm of speculation is the part the Trichina worm maj' plaj' in those 
deaths of whole families which arc periodicallj' reported among the 
Eskimos. Those wholesale deaths are alwaj's ascribed to »ptomaine« 
poisoning: without, however, anj' real cvidcnce«. He continues later: 
»It is, however, not a normal human parasite but one cssentiallj^ of 
flesh-eating mammals, and a large varietj' of wild carnivores arc in- 
fected. The parasite is holarctic in its distribution, and we have found 
it alreadj' in Arctic Foxes and Polar Bears. Whether or not seals and,- 
walrus are natural carriers is a matter still to he decided. There is 
no theoretical reason whj' thej' should not be«. Also the British para- 
sitologist R. T. Leiper (1938) emphasises that he had frequcntlj' found 
trichina larvae in the muscles of polar bears and arctic foxes, which 
died in the London Zoological Gardens. In his opinion, these infections 
had alreadj' been acquired in the arctic regions before the animals 
were captured. And he comes to the following interesting conclusions: 
»The probabilitj' that trichinosis is widespread in the North Polar re- 
gion has a significance in relation to Polar exploration. The replenish- 
ing of the food supplies of Arctic explorers bj' fresh polar bear meat 
carries with it a hitherto unsuspected risk. As dogs arc also suspectible 
to trichinosis, the feeding of infected carcasses, whether of polar bear 
or of other dogs, might partiallj' explain unexpected breakdown in 
stamina of dog teams on Polar journcj's«. 

The investigations presented above give good support to the hjqio- 
theses set forward bj' those two authors. 

After our manuscript was finished we were kindlj’ informed bj"^ 
the Greenland explorer Alwin Pedersen that in the jmars just before 
the war, some severe outbreaks of trichinosis, due to the consumption 
of the meat of polar bears, occurred among the population of North- 
East-Siberia, more exactlj' on the coast of the Bering Strait, and that 
the Russian authorities had totallj' forbidden anj' use of polar bear 
as human food. 
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Summary. 

The authors describe a series of outbreaks of trichinosis which 
occurred during the Spring of 1947, in the district around Disco Bay 
and Holsteinsborg, in Western Greenland. About 300 native Green- 
landers were attacked, and 33 died of the disease. It is noted that 
trichinosis has not before been reported from Greenland. 

The clinical picture was characterised mainly by exanthema, ge- 
neralised' edema, fever, muscular pains, gastro-intestinal symptoms, 
and myocarditis. In a considerable number of cases, the diagnosis was 
verified fay the positive reaction of the sera to microscopic precipitin 
tests with living trichina larvae; by demonstration of eosinophilia in 
the blood picture, and by positive reaction to skin tests wdth trichina 
antigen. Microscopy of muscle of a patient who had died of the disease 
showed massive invasion of trichina larvae. 

From the history of food consumed, the authors conclude that pork 
may be excluded as the source of infection. The evidence points to 
walrus- and dog-meat, as the actual causes of infection. 

A similar epidemic at Holsteinsborg in 1944, with 63 cases and 20 
deaths, at that time was thought to be typhoid and was reported as 
«uch. This outbreak, how'ever, can now also be regarded as trichinosis, 
since serologic examination of these former patients demonstrated anti- 
bodies against trichinae. The authors further refer to a report from 
1933, concerning an outbreak of »meat poisoning« in Nugssuak on 
Disco Bay which, from the description of the disease, was undoubtedly 
trichinosis. 

There is, thus, much evidence to indicate that trichinosis has been 
present in the population of the Arctic for many years. 


Addendum to the galley proof (Oct. 22nd 19U8): 

During the last year an examination of meat samples from various 
Greenland mammals has been going on.*) A high incidence of 
the parasite has been proved in sledge dogs and polar bears. Out of 54 
dogs, originating from the West Greenland districts in question, not 
less than 41 showed infection with Trichinella spiralis. Out of 3 polar 
bears from the Thule district, 2 showed infection, and of 13 polar 
hears from the East Greenland coast, 4 were found to be infected. As 
to the sea mammals trichina larvae has been found in a single speci- 
men of bearded seal (erignathus barbatus), a seal with almost the 
same living habits as the walrus. This finding proves our theorj' that 
the sea mammals may become infected with Trichinella spiralis. 


*) These e.xaminations have been performed at the Department of Hj'giene 
and Bacteriology, The Royal Veterinary and Agricultural College, Copenhagen, 
(Director, Prof. Aage Jepsen). 
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NON-SPECIFIC SEROLOGIC REACTIONS IN SYPHILIS 

By Olof Sicvers. 

(Received for publication June 28tli. 19i8). 

In connection with the analj'^sis of certain tests, one has to decide 
whether a reaction is specific or not — irrespective of what kind of 
WR technic that is used. In a previous investigation I have tried to 
show the importance of closely observing the anticomplcmcntary effect 
of the serum. I then paid special attention to primary atypical pneu- 
monia and malaria, which both — according to vast experience — can 
provoke false conclusions vvhen judging the Wassermann reaction. By 
titrating the anti-complenicntarj^ effect of the sera it was found that 
the effect was so increased that technically false Wassermann reac- 
tions were obtained. Of the cases examined there was none with po- 
sitive WR which could have been looked upon as being biologically 
false. A positive reaction of these cases could always be explained by 
the enhanced anticomplementary effect. In most cases this disturbing 
effect of the sera is shown by using twice as much sera in the control 
(for details cf. Sachs and Laubenheimer). In the cases where this se- 
rum control did not show any inhibition, the anticomplementary effect 
of the serum was titrated. If the Wassermann reaction has been posi- 
tive in the above mentioned diseases, the anticomplementary effect 
noted in these titrations has always been stronger tlian usual. 

It is a well-known fact that false results may be obtained when 
dealing with sera not only from cases with pneumonia and malaria 
but also in affections of the liver. It is then, however, mostly a question 
of incomplete inhibitions of the hemolysis. investigation of possible 
non-specific Wassermann reaction mentioned above nowadays also 
includes 377 sera from patients with different affections of the liver. 
The clinical diagnosis for three cases was syphilis, so they need not be 
further discussed here. Out of the remaining 374 sera, 28 showed in- 
hibition with WR antigen. In three of the cases the cause of the 
reaction could not be explained. Unfortunately I have had only in- 
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sufficient quantities of sera for different kinds of control. Only in one 
case, with 50 per cent hemolysis in the Wassermann test, has it been 
possible to repeat the investigation with another sample of serum 
from the same patient, this time with negative WR. The inhibition first 
noted must be considered as due to a temporary deficiency either of 
the serologic technic or of the sampling of blood. A non-specific WR 
in the strict sense of the word is here out of the question. The two 
cases with 80 and 90 per cent hemolysis respectively in the WR must 
so far be looked upon as being non-specific, as it has been impossible 
to make any control tests. The percentage of non-specific WR of these 
377 icteric sera should then he at most 0,5. Even this figure might be 
too high, as the two above mentioned cases could not be tested for 
control. Attention is called to the incomplete manifestation with 80 
and 90 per cent hemolysis respectively. 

The other 25 sera which reacted with WR antigen had all of them 
a too strong anticomplementary effect. The ordinary serum control 
(with 0,1 ml serum, total volume 2,5 ml) illustrated this fact in 13 
cases, but in the remaining 12 cases this was made clear only by the 
control Avhich contained twice as much serum. Thus, one cannot con- 
sider these cases as being WR positive, only as having the noted ’in- 
crease of the anticoinplementary effect. 


Table ■/. 


1 

a 

b 

c 

d 

Result of 
thymol test 

Sera with 
anticompl. 
effect 

Sera w'ithout 
anticompl. 
effect 

Total 

number 

. 

a in 

per cent 
of c 

0,00-0,10 

S 

183 

191 

4,19 

0,11-0,15 

2 

31 

33 

6,06 

0,16-0,50 

7 

100 

107 

6,54 

0,51—1,00 

8 

35 

43 

18,60 

Total 

25 

349 

374 

6,68 


At the Central Laboratory of the Sahlgrenska Hospital (chief; pro- 
fessor J. Lehmann), all these icteric sera have been examined with 
regard to the Meulengracht reaction, serum phosphatase, serum citric 
acid, the thymol test, and some of them have also been examined with 
the sublimate test (ad modum Stolte). It is certainly of interest to 
know to what extent there could be a correlation between the results 
of the chemical and the serological tests. The three sera that gave 
positive WR do not show any conformity to each other as to the re- 
sults of the chemical tests. But how' do the sera with anticomplemen- 
tary effect react? From Olhagen’s investigations it is know'n that 
changes in the globulin must somehow be connected -with the anti- 
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coinplemetilary effect. Where my cases are concerned, no connection 
is found between the occurrence of an increa.sed anticomplementary 
effect and different values in the Meulengracht test or the amount of 
serum phosphatase or citric acid. The result is slightly different when 
it come.s to the thymol lest and the .sublimate test. Table 1 shows the 
ca.ses divided into four group.s according to the results of the thymol 
lest. At the same lime one gets the distribution of the different groups 
of sera willi anticomplcmentan,' effect. 

The increase of the percentage of sera with anticomplementary 
eftect that i.s noted parallel to the increase of the thymol test cannot 
be just an incident. A statistical calculation shows that a higher 
value of the thymol test very likely increases the chance of an in- 
creased anticomplemenlary effect. A corresponding statistical investiga- 
tion of the results with sublimate tests and the anticomplementary 
effect respectively shows that a lower value for the sublimate test 
t below 1.20) with certainly enhances the possibility of finding an 
increased anticomplemenlary effect. From a clinical point of view it is 
the infccliou.s hepatitis and the cirrhosis, which give high values in 
the tljymol test and low values in the sublimate lest, so in practice 
f)ne should he prepared for fal.se results of Die complement fixation 
in cases with the above mentioned disease.s, while icteric changes in 
serum, causeti by ottier reasons (stones, tumors etc.) do not involve 
this risk to the same extent. In this connection I should like to point 
• ml that the <lisCussion refers to the anticomplemenlary effect, so there 
i.s a risk for false results nut only with WU hut with all .sorts of 
reacTajUs with comidemenl fixations. Hesides, one must not overlook 
the jiossibility of false results in all fliseases that give clearly enhanced 
values t>f the thyimd test (cf. Iversen & Uaaschou). 

With the hitherto discu.ssetl tests 1 have tried to throw light upon 
the question of a too sensitive WU. Finally I will discuss the (juestion 
of jiegative WU with sera, which give ptisilive flocculation reactions. 
Most investigations have shown tlial the flocculation tests more often 
than WU give false results ami .sometimes it is very difficult to 
answer the clinician's fpieslion whether the flocculation tests from 
a certain patient are to he looked iii)on as being specific or not. For 
these cases one can tise the ordinary absorption tests or lor instance 
Kahn’s verification test. When making these tests, however, I used a 
different technic. (Considering the fact that serologic tests sometimes 
give a juarked reaction by means of a summation ot the anlibody effect 
of two sera, which alone do not react, I have made experiments, il- 
lustrated by the following i)rolocol: 

A WU fmsilive serum was tested in the ordinary way with WU 
antigen and serum in six series with increasing dilution. 1 he dilution 
for the different series was made with: 
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a) physiologic salt solution 

b) 

c) 

d) 

«) 

f) 


The results of the Wassermann test of the WR positive serum in 
the six series is shown on table 2. (The figures give the hemolysis in 
per cent) . 


» 

>> » 

inactive 

serum 

no. 748 (4-M) 

WR 

_ 





flocculation 




» 

» » 

inactive 

serum 

no. 749 (4-t-l) 

WR 







flocculation 


1 . 

» 

» » 

inactive 

serum 

no. 750 (44-1) 

WR 







flocculation 




» 

» » 

inactive 

serum 

no. 793 (44-1) 

WR 







flocculation 


4- 

» 

» » 

inactive 

serum 

no. 794 (44-1) 

WR 

— 





flocculation 




Table 2. 


Serum 

Dilution 

1 ^ I 

! b 

1 c 1 

d 

e 

f 

0,2 

0 

70 

0 

0 

0 

0 

0.1 

0 

90 

80 

50 

0 

0 

0,05 

0 

100 

80 

100 

0 

0 

0,025 

10 

100 

100 

100 

0 

0 

0,0125 

90 

100 

100 

100 

0 

0 

0,000 

100 

100 

100 

100 

10 

0 

NaCl. 

100 

100 

100 

100 

100 

100 


The table shows that the positive reaction distinctly diminishes, 
sometimes almost fails to. appear, if a WR negative serum is added 
to the dilution liquid, this on the presumption that the anticomple- 
mentary effect of this negative WR serum does not impede the reaction. 
In other cases as in e) and f) in the table, the positive reaction is 
rlistinctly increased. This increase or rather additive effect I have so 
far tried to show with 127 sera, and the result is presented in table 3. 

As shown by the table, sera from patients with non-syphilitic 
diseases and from patients with fully treated syphilis never give an 
additive effect. Sera from patients who are being anti-syphilitically 
treated react differently. Out of these last mentioned 34 sera, 22 
caused an increase of the reaction, while the other 12 did not. I have 
considered an additive effect to be proved, if a WR positive serum 
either reacts stronger or if it has remained unchanged after having 
been diluted with WR negative serum. My hitherto made experiments 
seem to indicate that there should be an increase of the reaction only 
where cases ^^^th not fully treated syphilis are concerned, and this 
irrespective of the stage of the disease when diagnosed for the first 
time. 
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Tabic 3. 

Additive effect loith sera from different syphilitic patients. 

Diagnosis 

Num- 

ber. 

WR 

Kahn 

Mfiller 

Meinicke 

Additive 

eftest 


66 

— 

— 

— 

— 

— 

Non-syphi- 

1 

— 

-t- 

-b 

-f 



litic 

1 

— 

— 

+ 

4- 

— 

diseases • 

5 

— 

— 


-f- 

— 


2 

— 

— 

— 

+ 

— 


Syphilis 
fully treated 
Syphilis tested' 
during 
treatment 


18 

3 

12 

2 

1 

5 

3 

2 

3 


1 


+ 


+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


+ 

+ 


+ 

+ 

+ 

+ 


In other words, should a case which shows positive flocculation 
reactions that are inexplicable to the clinicians, give additive effects 
at the same time, it should be quite justified to suspect syphilis on 
account of the above mentioned reasons. When an additive effect fails 
to appear, it is by no means significant, however, nor is one entitled 
to draw any conclusions as to the efficacy of the treatment, guided 
by the present investigation. The only value of this control is that in 
some cases, positive flocculation tests with all probability are due to 
syphilis, and that they must not be neglected. 


Summary. 

A positive complement fixation with WR antigen in cases of prima- 
ry atypical pneumonia or malaria is generally due to an increase of 
the anticomplementary affect of the sera. Sera from cases with dif- 
ferent liver affections react similarly. Here, an increase of the anti- 
complementary effect occurs especially when sera show enhanced 
values in the thymol test and low' values in the sublimate test. An 
anlicomplementary effect occurs only in about 6,6 per cent of all the 
examined cases. No correlation betxveen an increased anticomple- 
mentary effect and different values in the scrum phosphatase, serum 
citric acid, and Meulengracht test was found. 

Sera with positive flocculation tests and negative WR could yield 
^ positive reaction if they xvere added to a known positive serum 
table 2). This so called additive effect was obtained only with sera 
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from syphilitic patients not fully treated (.table 3), while sera from 
fully treated syphilitic patients and sera from non-syphilitic cases 
do not give this reaction. The only value of this control is that in 
some cases, positive flocculation tests wnth all probability are due 
to syphilis, and that they must not be neglected. 
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lulrodiiclion. 

Tumours of mucous and salivary glands conslilulc a heterogenous 
group difficult to survey. The recognition and classification of typical 
and well-defined forms would, however, facilitate the understanding 
of the group as a whole. This in turn would enable one to acquire a 
clearer knowledge of the histogenesis and the biological types, and 
consequently render the prognosis of individual forms of tumour 
possible. As a matter of fact, some well-defined typical forms have 
already been recognized, for example, the rare pure adenomas, and 
adenolymphomas. 

In 1921 SchilUnfj gave a very exhaustive description of a case of 
a peculiar, clearly epithelial tumour of the i)arolid gland. The structure 
of the tumour was characterized by squamous epithelium and cystic 
spaces lined willi mucus scereling epithelial cells. In some areas 
mucus was formed centrally in the epidermoid columns. Similar tu- 
mours have since been described under different names by various 
writers, but they do not seem to have attracted much attention, 
»epilheliomas a double metaplasie dc la parotidc« (Masson & Berger 
1924), »cigcnarligcs Schleimdru.sen-carcinom« (Kampralh 1027), s-car- 
cinoma mucosum cysticum alvcolarc« (Sncllinann 1033). Kiinst- 
inaim (1936), places this type of tumour in the same class as 
parotid adenomas. Skorpil (1940) was the first to define this form 
•of tumour distinctly in an exhaustive description of eight eases of his 
own. He labelled the growth ».schlcimbildende.s Epithcliom«. Skorpil 
found altogether 17 cases described in the literature. In the opinion 
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of the writer two cases of tumours of the jaw- published by Bossart 
(1945) belong to the above-mentioned category. Bossart named this 
type »hypernephroides adamantinoma«. A few single cases have been 
published by Lepp (1939) and De & Tribedi (1939). Although this kind 
of tumour is not well-known and only infrequently recognised, it is 
nevertheless not so uncommon as the limited number of reports in 
the literature might induce one to believe. Stewart, Foote & Becker 
drew attention to this form of growth, which they call muco-epider- 
moid tumour. On perusal of about 700 tumours of the mucous and 
salivary glands they found 45 muco-epidermoid tumours and they 
estimate the frequency of this type of growth to be 5 per cent of the 
tumours of the' mucous and salivary glands. Bernier (1946) has given 
preliminary descriptions of three cases of muco-epidermoid tumours. 
The tumour, however, seems to be so little known that a general review 
of its type and a description of 12 of the writer’s cases are justified. 
These 12 cases have been collected frorri tumour material referred to 
the Department during tbe last seven years. Tbis supports the view 
upheld by American authors, who maintain that this type of tumour 
cannot be so uncommon as its scanty mention in the literature might 
infer. 

In the following a description will be given of the author’s 12 
cases, which, together w'ith the cases from the literature, form the basis 
of a subsequent discussion on the histogenesis and the biological 
characteristics of this type of growth. Reports by earlier writers show 
that no unanimity has been reached in regard to the malignancy .of 
these growths. 


' - Writer's Material.* ) 

Case 1. Male. Clergyman. Born 1839. (Journ. Nr. Jubilee. Clin. Lund- 
2425/41). In 1940 the patient noticed a lump immediately behind and below 
the left ear. The tumour grew slowly until it had assumed the size of a 
hazel-nut. On 18th March, 1941, the growth was operatively removed but the 
extirpation was probably not radical. On 31st March, 1941, radium tubes were 
inserted in the residual part of the tumour, which was then as large as a 
hazel nut and fluctuant. On insertion an amber-coloured fluid oozed out 
through the needle pricks. On 28th April, 1941, pat. was given short distance, 
low-voltage rtgn. treatment of the tumour, which was still cystic. Biopsy of 
the wall of the cyst revealed no microscopic rests. Neither did repeated follow- 
up examinations of the following yeai'S divulge any signs of recurrence. 


*) All the cases described here were treated at the King Gustafs Jubilee- 
clinic, Lund, where I was allowed to inspect the records with the kind permis- 
sion of the chief Bertil Ebenius. In some of the old cases the only material 
available consisted of frozen sections. In those cases in which more material 
was available paraffined sections were taken and examined with the following 
stains: Htx-V.-Gieson, Htx-eosin, mucicarmine and Weigert’s orcein stain. 
Furthermore, in six cases frozen sections stained with Scharlach R were 
examined. 
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Rut in Sept the patient noticed a swelling of the jugular glands. Examina- 
t-nn disclosed a general enlargement of the Ijunph nodes. The microscopic 
examination of an extirpated jugular gland showed »The whole of the lymph 
node consists of densely located uniform lymphocytes with round nuclei and 
scanty cytoplasm. The normal lymphatic tissues are suppressed. No mitoses. 
The picture agi-ee to that typical of lymphadenosis«. Examination showed the 
Wood count to he 11000 white corpuscules per cubic millimetre, the differential 
count being 31 P- c. lymphocytes. X-ray ti-eatment was resumed. Clin, diag.: 
Lymphatic leukemia. Still in September 1947 no local recurrence in the 
vicinity of the left ear was observable. 

A mici-oscopic examination of the primary tumour showed; In a sclerotic 
connective tissue a number of strands and columns of large and polygonal 
epithelial cells with eosinophile cytoplasm and round nuclei with distinct 
nucleoles. The cells were sharply defined. No intercellular bridges were to be 
observed, but in appearance the cells reminded one strongly of squamous 



Fig. 1. 

Case 1. Invasively growing solid epithelial formations with development of 
numerous mucus-filled cysts, some of which are lined with goblet cells. 

Approx. 1 : 75. 


epithelium. In some cells vacuoles containing mucoid secretion were observ- 
able, and several cells were full of mucus with the nuclei forced hard against 
the periphery. O'^sts filled with mucoid secretion and lined with t 5 pical goblet 
cells AA^ere to be seen inside the epithelial strands. (Fig. 1). The epithelial 
oimations had expanded and infiltrated the stroma, AA-hich contained a large 
number of polymorphonuclear leukocjdes. The stroma cells displayed an 
abundance of blood pigment. 

Case 2. Man. Born 1903. Clerk. (Journ. No. Jubilee Clin. Lund. 3811/43). 
mce Cliristmas 1940 patient had noticed a gradually gi’OAving lump behind 
ns right ear On 12th June, 1941 the tumour Avas removed. The groAvth Avas 
nn* contents Avere viscous. It had groAvn deeply inAvards and the 

pci a 01 belicA'ed that the groAAdh had not been completely extirpated. Pat. 

post-operative X-ray treatment and no signs of a retuim of the 
e 1 were visible before July 1943, when he noticed a SAvelling behind his 
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right ear. Biopsy divulged the presence of a neoplastic tissue of the same type 
as was previously diagnosed at the initial examination. The pat. was given 
teleradium treatment, but clinically no regression could be recorded. On 17th 
Sept. 1943 the tumour, which was located anteriorly of the mastoid process 
and which had infiltrated the sternocleido-mastoid muscle, was surgically 
removed. Radium tubes were applicated in the wound cavity, which gradually 
healed. Pat. was followed-up and at last examination on 5.11.47, showed no 
signs of recurrence. 



Fig. 2. 

Case 2. Invading epithelial columns manifest in a sclerotic stroma with in- 
flammatory deposit of cells. Approx. 1 : 75. 



Fig. 3. 

Case 2. Within this portion the growth is mainly cystic. Approx. 1 : <5. 

*) Sections from the primary tumour were unavailable, but according to 
the description they exhibited the same histological picture as the i elapses. 
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I vucroscopic cxnmhidUoji was made of sections of lioth rccurreni tumours 
f 1953 *) Botli growtlis had a sclci-olic, ahundant stroma in which were 
nhsc'rved richly infiltrating epithelial strands consisting of epidermal cells, 
and in some areas, distinct intercellular bridges were observed. The cells 
liowccl a moderate degree of polymorphism. Mitoses were not discernible. 
Inside the cellular columns were all transitions from cells filled more or less 
with mucoid secretion, to fully developed goblet cells. It was not infrequent 
that the latter line cysts filled Avith mucoid .secretion. (See Figs. 2 and 3). 
Staining visualixed numerous small fat droplets inside the neoplastic cells. 
In* the stroma there were many polymorphonuclear leukocytes and round 
cells. In some areas deposits of blood pigments were also demonstrahle. 


Case 3. Married woman. Born 1921. (.lourn. .\r. 730/57. .luhilcc Clin. Lund). 
Since about 1953 the i)aticnt had noticed a hanlened lump about the size of 
,a pea near the an.gle of the jaw. In .Tan. 1957 the growth was removed, hut 
probably not radically. On 31st March 1957 a tumour 1.5 by 1.5 cm. and 
evowinc inwards behind the angle of the jaw was di.scovercd under the scar 



ritj. 'i. 

Case 3. Part of a large; cyst is visible; in right hiuiel to]) corner. Invasive 
.scpiainous cpitlielia strands, some of which are* li'iinsfornied into c.vsts, are 
distinguishable* in the fibrous wall at holle)m. .Approx. 1 : 15. 


of the first oj)erfition. After teleretdium treatment an oper.'ilie)n was per- 
formed on 30th Ajiril 1957, when the growth was electro-cauterized. The 
tumour had grown in toweirds the cjirotid artery. Radium tubes were ap- 
plicated in the. o]ieration ciwity. b'acial iiaresis occurreel after the operation. 
•At examination on ISth Sei)t. 1957 the wounel hael heeilcd, and no signs of a 
recurrence were detectable. 

A viicroscopic (':nnniit(ilio}i of the )>rimary tumour .showed that it had 
a cjstic wall. The cyst was lined with stratified epidermoid epithelium con- 
c'plT'"’ri'' mucus-filled cells, some of which reminded one of goblet 

of ' <1 exhibiting a number of infiltrating .strands 

smnu* oomitosed of eihdermoid (‘pithelial colls. Inside these strands 

Fi*' formations fillcfl with nnicoid secretion were discernible. (See 

iiiiclca • e.pithelial strands was a moderate deposit of polymorpho- 
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The picture of the secondary growth with its numerous strands of 
epidermoid epithelium in which the formation of cystic spaces, containing 
mucoid secretion, and lined with goblet cells were visible was substantially 
similar to that of the primary tumour. Mucicarmine stained the mucoid secre- 
tion very red. The growth exhibited moderate cellular polymorphism No 
mitoses were observable. 

Case 4. Man. Bom 1900. Forester. (Journ. Nr. Jubilee Clin. Lund. 3731/45). 
Since the age of six the pat. had suffered from chronic left otitis, which 
constantly re-appeared. On 27th April, 1945, a tumour was removed from the 
left auditory canal. The tumour soon returned and by the time of a second 
examination on 17th July 1945, it had filled the whole of the auditory canal. 
Behind the ear was a walnut-sized growth. Clinically, the growth seemed to 
be malignant. On 23rd July, 1945 tbe (walnut-sized) tumour, which had by 
then diffusely infiltrated the surrounding tissues, had pierced the bottom 
of the acoustic duct and spread behind the mandibular joint. It was neces- 



Fig. 5. 

Case 4. Invasive epithelial strands most of which have developed into mucus- 
filled cysts, lined with goblet cells. Approx. 1 : 75. 

sary to extirpate the facial nerve. Local radium application in the operation 
wound. The removal was not radical and the tumour soon recurred. On 
16th Nov. 1945 a new operation was performed whereby the regio prae- 
mastoidea was cleared up. The tumour extended inward to the styloid process 
and forw'ard to the angle of the jaw and into the parotid gland. Radium tubes 
were applicated in the cavity of the operation wound. The large operation 
wound gradually healed, and repeated follow-up examinations have hitherto 
divulged no signs of recurrence. 

Microscopic examinations were made of the primary tumour and all re- 
currences. The picture was practically the same in all cases, so that the 
description will hold good for all. The tumour consisted of epidermoid epi- 
thelial columns whose growth infiltrated a sclerotic connective tissue which 
often exhibited the presence of polymorphonuclear leukocytes. Everywheie 
in the epithelial columns were to be seen vacuolized cells which stained led 
with mucicarmine. The cells were often filled with mucoid secretion and 
had excentrically located nuclei (See Fig. 5). In Fig. 5 we see the formation 
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of a luimliar of cysts filled with iinicoid sccrclioii and lined with lai'j^c k<'1iI<'' 
cells also filled with imictis. Some of llie cells had disajiiieared and left licliind 
them small acciimnlations of secretion in (In' tissue, hut an iidiihilion of the 
(issue with this secretion was never denionstrahle. The epithelial cells were 
rather well differentiated. 'I'he celinhir nuclei were cystic with distinct 
nucleoles. .Mitoses were rare. Staininp di<l not divnlf:e the presence of fat in 
(he cells of the growth. Sometimes a direct connection was iliseernihle be- 
tween the acanthotic skin epitluditim and the columns so that s])routs from 
the stirface epithelium merged into epidermoid epithelial columns, in which 
cysts filled with mucoid secretion were ohservahle. 

In some an-as the growth had infiltraii-rl ihi* infl.'imed tissue of the 
salivary glands. In conjunction with ilo' primai'y operation a nnmher of 
lymiih nodes were evtirpated. No ni<‘tas(as4's were ohsi-rvahle in these extir- 
pated nodes although neopl.'istie tissue wjis di'^ei'cnihle in their itnimsliale 
neighhourhood. 


(.'use Ti. Married woman, Horn isss. fjourn. .\r. Jnhilee <din. l.nml. S. 0 , 1 . 
In the summer of IPl.S the pjit. noticed a diffusi- hardening under ami in 
front of left e;ir. Oni‘ month later she sought nieilic.il aid. l)i:ig.; (iysiie ium(>ur. 
Iliopsy taken. The tumour containeil ;i clear, yellow fluid. I’at. referred to 
Iladiol. Uept. I.und. wlieri' a tumour wa- found adherent to the skin and 
to the deeper lissnev, 'I'eleradinni given, hut in v.ain. On Sih Dec. IPlo (he 
pat, was operao-d on fiml ii sclerotic ti‘-su<‘ with a hsirehnut si/ed cyst con- 
taining a liiiemorrhagic fluiil vvas removi'd Tlie .anterior part of the sterno- 
cleitloma.stoid muscle had to he removtal. Madiumtnhe.-. were applicated in 
the wound. Do'-t-operative f.-iriid parc-is occurred .afti-r tlie o|ii*ration. Pat. 
given i>os|.operalive rtgn. treatment. Pat, was fnllovveil up hut last .'vatn. 
"7th .N'ov. I!t57 showed no signs td ri'ciirrence 


.1 inirrmriijtir rjaiiiiiKilinii diviilgeil an e|iitle'Iial. distinctly invasive neo- 
plasm growing in sclerotic connective nv-ne .-m.l infiltrating the parotid 
tis.sues. 'I'he tumour hail numerous large and small cystic sp.ic>>x. The large 
spaces were lined with stratified •.■inantou- epithelium with scattered typical 
cells filled with mucoid secretion. .<ipiamous epithelial strand" were gniWing 


Case 
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Fi(j. 7. 

Case 5. Scharlach R stained section. An epithelial column with fat-filled cells 
is distinguishable in the centre. In the epithelial columns also mucus-filled 

cysts are visible to the right. 



Fig. S. 

Case 5. Detail of Fig. 7. 


in the sclerotic wall of the connective tissue of the large cysts. Inside these 
strands there were numerous cells with mucicarmine positive droplets, as 
well as cystic spaces filled with mucus. In some areas inside the columns 
in the squamous epithelium the cells bad pyknotic nuclei and cytoplasm 
with a foamy structure, very reminiscent of the cells of sebaceous glands 
(see Fig. 6). Staining showed these cells to be full of numerous minute fat 
droplets (See Figs. 7 and 8). The stroma exhibited traces of old and fresh 
bleedings in some areas and an abundant deposit of leukocytes. Lymph 
glands, removed at operation, displayed no signs of metastases. 
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Case (). iMarrierl woman. Born 180!). (.lourn. Nr. .luhilec. Clinic. Lund. 
irn/Li) Behind left car pat. had a swelling almo.st the size of a mandarine. 
She had noficed the tumour during the last, two years and that it had 
-rrown quicker the last few months. It was hard and nodose hut could he 
pushed against the skin and the deejier ti.ssues. It was treated with tele- 
radium hut after 18 months it had expanded and hecome adherent. Operation 
was j)C)'formed 22nd Feh. 101.'). 'I'he tumour seemed to he encapsulated hut 
ordinary intracapsular removal was impossible hecause the growth was too 
tough and could not ))e i-emoved hit by bit. It had infiltrated the masseter 
muscle and the i)arotid tissue. Local radiumapi)lication in the wound cavity. 
The patient was followed up and the latest on ith .Tan. 104G.. divulged no 
signs of a recurrence. The i)atient did not return for examination again 
until 2Gth Feb. 1017, which was two months after having noticed a hardening 
lump at the site of the primary tumour. Examination revealed the ])rc.sence 
of a solid growth 1.5 X 2.:') cm. before the right acoustic duct. The tumour 
was very adherent. On 17th .April the bard, .solid tumour rich in connective 
tissue and extending medially inwards of the jaw, was extir])ated. Pat. 
followed n]) and at last examination ISIh Sept. 1017, she showed no signs 
of rocun’cnce. 

Mir.roscopir c.rinninnU(iti: Becuri'cmce .showed siime picture as did the 
primary tumour, which was a rather iin'dulhiry epithelial titmour; its broad 
columns and strands hiul invaded a sclerotic connective tissue. The substance 
of the growth consisted suhst.'intially of modm-ntely aty])ical squamous epi- 
thelial formatiotis exhihititig no tendency to keratinize. However, some areas 
displayed cells filled with mucoid secretion, and some cysts lined with high 
goblet cells. The mucoid cells were loctited insitle the columns of the squa- 
mous epithelium. Staining revettled no fatty deposits in the cells of the growth. 


Case 7. Female. Born 1!)2S. No occuptition. (.lourn. Nr. .lubilce. Clin. Lund. 
CllAll). Since early childhood ptitient bad had a swelling in the jtarotid 
region. .At the age of 1.") ])at. noticed an exitansion of the growth, and exa- 
mination on .3rd Sept. lOi;) revealed a walmit-sized, hard nuctuanl tumour 
connected to the jiarotid gltind hut loosely attached to the dee))er tissues. 
On .3rd Sept. 1913 the partially cystic tumour, which contained amber-yellow 
fluid, was removed. Local radiumapplication in the operation wound. On 
IGIh Nov. 1913 ii recttrrenco wtis excised which was likewise cystic, tind con- 
tained mucoid secretion. On Kith April 1911 a new i-ecurrence was removed, 
and radium tubes were likewise api)licated. Pat. was followed ui) .and when 
last examined on 18lh Aug. 1917, she seemed to be well. 


on 


Microscopic c.r(nnination. The ttnnour wtis micrnsco])ic!tlly exitmined un 
all throe occasions .at, oiieration. The histological ])icturo was the same on 
every occ.asion. In a sclerotic connective tissue .adjacent the jtarotid gland, 
small s((U!imous ejiithelial columns containing some cells filled with mucoid 
secretion were obsorvahlc. Most, common, however, were cysts filled with 
mucoid secretion and lined with goblet cells. The stromti showed ti moderate 
cellular infiltr.ation. 


SWwf "’omati. Born 1892. {.lourn. Nr. .lubilee. Clin. Lund. 

hM* 1*1 of pJit. noticed a grain-si/.ed lump immediately 

nnc the lobe of the left year. The growth gradually assumed the size of 
excised on 30th March, 1938. No histological examination 
Is't -^*^*er about six months there api)cai'ed a recuia’cnce, and on 

telcv'^r'^' e, haygi.^^yj imnour was removed. Pat. received post-operative 
mm treatment,. On 20th .Inly 19H jmt. was operated for cancer in the 
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Fig. 9. 

Case 8. Cyst with numerous goblet cells in epithelial lining. Approx. 1 : 75. 

sigmoidal colon. On 10th July 1942 a walnut-sized recurrence of the tumour 
was removed from the parotid region. On 8th Oct. 1942 an almond sized re- 
growth surrounded by hard cicatricial tissue was removed. Pat. was given 
teleradium treatment and no signs of recidivation were again visible until 
Sept, 1946 when a cj’^stic tumour was found at the site of the previous ope- 
ration. Afterwards the tumour perforated outward through the skin and an 
examination of a specimen biopsy taken from a fistula opening revealed a 
neoplastic growth. The pat. had at that time a large infiltration below the 
left year and was considered inoperable, for which reason only palliative 
X-ray treatment was given. At examination on 16th June 1948 the tumour 
showed great progress with a large ulceration. 

Microscopic examination. The primarj'' tumour as well as the recurrences 
was microscopically examined and all the pictures were substantially the 
same. It showed an abundance of broad strands of squamous epithelium free 
of keratinization signs and located in sclerotic connective tissue. Many of 
these epithelial strands e.xhibited large cysts filled with mucoid secretion and 
lined with goblet cells. Also numerous larger cysts were to be seen lined 



Fig. iO. 

Case 8. Biopsy specimen from fistulizing tumour. Group of epidermoid-like 
cells among which are many cells completely filled with mucus. 

Approx. 1 : 550. 
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with stratified mucous epitlielium with scattered and sometimes very abun- 
dant elements similar to goblet cells (Sec fig. 9). In its growth the tumour 
had distinctly infiltrated the parotid tissue, and was not clearly encapsu- 
lated. The cellular polymorphism was moderate and mitoses were rare. A 
small specimen biopsy scraped from a fistula of the last tumour showed 
accumulations of cells and scattered cells partly or completely filled with 
mucoid secretion (See Fig. 10). 

Case 9. Female. Born 19-40. (.Tourn. Jubilee. Clin. Lund. 3880/45). Since the 
beginning of 1944 the patient had noticed a tumour under the lobe of the 
left ear. At examination on 3rd May 1944 the tumour was walnut-sized, finn 
and nodose. It was loosely attached to the skin and the underlying tissues. On 
the 5th May 1940 the tumour, which was cystic and contained mucoid se- 
cretion, was excised. The tumour seemed to be encapsulated, but the removal 
was probably not quite complete. On the 11th Sept. 1944 a hazel-nut-sized, 
cystic neoplasm containing mucoid secretion, was removed. Radium tubes 
were then applicated in the operation wound. In spring 1945 there was a re- 
currence of the tumour which fistulizcd through the surface of the skin. 
From the fistula there oozed a mucoid exudate. On the 8th June 1945 the 
scar and the recurrent growth were removed and radium tubes inserted. 
The patient has been followed-up and when last examined on 7th August, 
1947 seemed to be well. The function of the facial nerve was not impaired 
by the operation. 

A microscopic cxaminalion of the primary tumour showed numerous re- 
latively large cysts in a pronouncedly sclerotic tissue. The cysts, which were 
located in the parotid tissue, were lined with stratified squamous epithelium 
which towards the lumen often changed into cylindrical goblet cells. The 
cells were uniform in shape. The epithelium often exhibited papillary for- 
mations. Cysts filled with mucoid secretion and located in sclerotic tissue 
dominated the picture. As a rule tlie cysts were lined with only a single layer 
ot goblet cells, and squamous epithelial formations were rare (See Fig. 12). 



Fig. II. 

asc 9. Recurrence in which the goblet cell formations arc predominant in 
the papillary structures. Approx. 1 : 75. 
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riie growth was definitely invasive. The cysts were very densely located 

broken through the surface epithelium to\pen on 
the skin. The stroma was genei-ally free of inflammatory reaction. 

(Journ. Nr. Jubilee. Clin. Lund. 
4d0/io). Tlie patient was nursed various times during 1935 — 1939 for a tuhpv 
culous lymphoma on left side of the neck. The gi-owth was operated on and 
the patient given X-ray treatment. In July 1947 the patient noticed a nodule 
under the right cheek. On 9th July 1947 a specimen biopsy of the tumour 
was taken and was macroscopically suggestive of cancer. The patient was 



Fiff. /2. 

Case 11. Neoplastic formations invading up into gingival epithelial lining. 

Approx. 1 : 75. 


then given X-ray treatment in Dec. 1947, by which time it had expanded 
somewhat. Patient was then referred to the Jubilee Clinic, Lund, where an 
exainhiation performed on 16th Feb. 1948 revealed a tumour (2X4 cm.) at 
the site of the right sub-mandibular gland. The tumour was adherent to- 
the skin. Mctastases could not be palpated. The patient has since then re- 
ceived teleradium treatment, and operation is intended. 

A microscopic examinalion of the biopsy specimen of the tumour was 
made. The picture showed invading strands and columns of an epithelial 
tumour in sclerotic connective tissue. The neoplastic cells wei’e rather large 
and polygonal. Many of the cells were very light in colour and had pyknotic 
nuclei. In some small areas the cells resembled those of squamous epithelium, 
but no distinct inter-cellular bridges were discernible. The columns of the 
growth manifested scattered cells filled with mucoid secretion (positive reac- 
tion to mucicarmine) besides which numerous large and small cysts filled 
with mucoid secretion and lined with goblet-like cylindrical cells were also 
observable. Scattered lakes of mucoid secretion were discernible in the stroma- 
hut nowhere was the stroma diffusely imbibed with mucoid secretion. In 
some areas the stroma was richly invaded with round cells. Some of these 
accumulations of round cells displayed 'clearer regions of reticulum cells. 
Material for staining for fat was unfortunately unavailable. 



Case 11. Married woman. Born 1900. (Journ. Nr. Jubilee. Clin. LuncL 
3075/47). For five j'ears the patient had noticed a tumour far back in the 
lower jaw. The growth began as a swelling of the gingiva. The patient had 
lost all her teeth in the lower jaw. During the last year the tumour had 
"•rown quicker and at examination was as large as a walnut. It had never 
ulcerated. On the 22nd October, 1947 the tumour was removed by Paquelin 
cautery. At examination on 25th November 1947 a depressed scar was found 
at the site of the tumour. Specimen biopsy showed microscopic, neoplastic 
rests. 

A viicroscovic examination showed that the tumour was lined by an intact 
but distinctly thickened gingival epithelium, under which and sometimes ill- 
defined branched squamous epithelial streaks containing numerous cells filled 
with mucoid excretion and often with cystic spaces likewise filled with mucous 
excretion were manifestable (See Fig. 12). The neoplasm had infiltrated a 
sclerotic stroma and invaded the surface epithelium. Mucicarmine stained 
the secretion red. Fat staining was negative. 


Case 12. Female. Born 1887. Teacher. (Journ. Jubilee Lund. 1176/45). Since 
1930 the patient had a dental bridge fastened to 7 — . In 1941 a lump the size 
of the end of a finger was noticed in the mucous membrane at this site. 
Radiography showed no changes in the bone. The change in the mucous 
membrane discovered by a clinical examination was interpreted as a typical 
epulis, which disappeared after irradiation and showed no signs of recun-ence 
for a few years, during which patient was followed-up. In 1945 a flat swelling 
of the lower jaw was noticed on a level with 7 — . Now and again the jaw 
was painful and purulent secretion oozed. In 1947 radiography revealed a 
substantial destruction of the jaw around 7 — , wliich was extracted in the 
autumn of 1947. After the extraction of the tooth, the destruction of the jan’ 
showed no signs of repair. The radiogram showed a hazel-nut-sized cystic 
rarefaction at the site of the extracted tooth and a substantial portion of 
the lingual wall of the cyst had vanished. A histological examination of a 
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''^ni' group of epidermoid cells with single scattered mucus- 

> ed cells and with cysts lined with mucous cells. Approx. 1 : 500. 
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Fig. a. 

‘Case 12, Isolated group of neoplastic cells. Epidermoidal cliai’acter conspicuous 
besides ■which some mucus-filled cells are distinguishable. Approx. 1:500. 
biopsy specimen scraped out of the cavity revealed a cancez’ous growth. The 

patient Avas therefore I’eferi'ed to the Sui’gical Clinic, Lund, AAdiere the lower 
jaAV AA^as I'esected on 28th Januarj’^ 1948. At opei’ation a Avalnut-sized tumour 
invading the bone AA'as discoA'oi'ed on the medial side of the jaAA^ 

Microscopic examinations of the biopsy specimen tagen from the de- 
struction cavity, and of the excised tumour Avere performed. The histological 
picture Avas the same before and after the operation. It shOAved a sclerotic 
connective tissue containing numerous streaks or broad columns comprised 
of .squamous epithelial, polygonal cells Avith rather large clear nuclei. The 
cytoplasm Avas rather clear. In some areas intercellular bridges AA^ere discern- 
ible. Mitoses Avere rare. Many of the cells Avere filled Avith mucoid secretion 
(Mucicarmine; pos.). Several various-sized cysts filled AA'ith mucoid secretion 
and lined AAdth goblet-cell-like, high cell elements Avere manifest (See Figs. 
13 and 14). Staining disclosed no fat in the cells of the tumour. The tumour 
Avas distinctly invasive. The main part of the tumour Avas located in the 
gingival tissue on the medial side of the jaw and the raucous glands imme- 
diately adjacent the tumour Avere apparently noianal. The cavity in the jaAv 
Avas filled Avith a father loose connective tissue in AAdiich a feAV neoplastic 
streaks AA'^ere discernible. An examination of seA'eral sub-mandibular lymph 
nodes shoAA^ed that the latter Avere free from metastases. 


Discussion. 

In the folloAving table a surA’ey is giA'en of 24* ) cases referred to 
in the literature, and the cases of the present writer. 

Occurrence. As will be apparent from the table this type of tu- 
mour may appear in any age. In one of the writer’s cases the tumour 

*) The 45 cases published by Stewa^'t, Foote aizd Becker cannot be included 
here, because the publication contained insufficient data. Some obscure cases 
in the literature haA’e not been included either. 
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was recorded in a child of 4 years (Case 26), and in another case 
(Case 24), a 15 year old patient, the neoplasm had existed since ear- 
liest infancy. Skorpil believes this type of tumour to be most common 
in the fifth decade of life, which may be considered probable in spite 
of the limited number of cases constituting the basis of his belief (see 
fig 15’). The material is too small and the age distribution in the 
peoples from which the collection has been made is unknown so that 
it is not possible to draw any conclusions concerning the age incidence 

Number 
of coses 



flge in years 

Fig. 13. 


of the tumour, but nothing argues against the frequency of this type 
increasing with increasing age, as is the case wdth malignant growths. 

The material is too small to permit of any more definite con- 
clusions with regard to sex incidence”) (14 males, 20 females). 


Skorpil (1940) upholds the vie\v that this type of tumour is rare, 
and as only 9 cases had been published prior to 1940, his contention 
seemed to be correct, but later studies have, however, shown that his 
conclusion is debatable. The number of cases published is not a good 
indicator of the frequency of a tumour, because it often happens that 
the type of tumour has not been recognized or has been allowed to 


) This number is based on 81 cases (including the cases of Stewart 
et ah). 

1 - cases of Stewart et al. the tumours were »approximately equally 

ciiMded between males and females®. 

Acta path. Vol. XXV, 4 
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pass as one belonging to some other group such as a mixed tumour 
of the parotid gland, a tumour of the sweat glands, adenocarcinoma 
sebaceum, atypical adamantinoma etc. Examples of such erroneous 
diagnoses are illustrated in the material collected by the writer. Ste- 
ivart, Footes & Becker’s investigation as well as the present material 
show that this type of tumour is rather common. 

In Henke-Lubarsch’s manual Lang (1929) allocates Schilling’s case 
to be benign epithelial tumours classed under the heading »adeno- 
cystoma«. It is also quite conceivable that rather many more cases 
of this type of tumour are described in the literature but to be found 
amongst other types of growth. Histological descriptions and pictures 
are often wanting, and it is possible and even probable that many 
cases of this type of growth have been observed and published in ex- 
tensive collections of parotid tumours. A wider knowledge and a closer 
observation of the type of growth under discussion will probably show 
that it is relatively common and at the same time elucidate the pro- 
perties and behaviour of this tumour. 

This type of neoplasm is characteristic and easy to recognize, above 
all by its histological structure, which is characterized by the fact that 
the tumour, as pointed out by various authors {Schilling, Masson & Ber- 
ger, Skorpil, Stewart et al.) on earlier occasions, is composed of squa- 
mous epithelial formations growing in strands and columns in a ge- 
nerally very sclerotic connective tissue stroma varying in quantity. 
Medullary forms of the growth are sometimes met with, but most of 
the writer’s cases were rather scirrhous. Both forms i. e. medullary 
and scirrhous, may be exhibited by one and the same growth. As a 
rule squamous epithelial formations invade the connective tissue. An 
invasive growth of the tumour is often seen in adjacent tissue of a 
salivary gland or up in the skin and skin epithelium (see fig. 12). 
In spite of the distinctly invasive nature of the growth, many of the 
writer’s cases had at earlier examinations been diagnosed as benign 
tumours. (The question of the degree of malignancy will be dealt 
with further down.) This is probably to be ascribed to the fact that 
the epithelial cells often show a high differentiation. The cells are as 
a rule polygonal, rather uniform in size and have medium-sized 
rounded nuclei with distinct nucleoles. More or less pronounced cel- 
lular polymorphism is rare and mitoses are as a rule unusual. There 
is no reason to doubt that the cells are epidermoid. The cellular 
structure is exactly the same as that of squamous epithelium and 
here and there intercellular bridges are distinctly visible. Earlier 
writers also seem to be in full agreement as to the epidermoid cha- 
racter of the epithelium. Cases which also show keratinization (Stewart 
et al.) are rarely met with. On the other hand the formation of mu- 
cus in .the epithelial cells inside the epithelial columns is a typical 
and regular feature of this type of tumour. The mucus, which muci- 
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carmine stains both distinctly and bright red, is visible in the form 
of small droplets in a few individual cells in the columns of the squa- 
mous epithelium, and as mucus lumps in cells of goblet-cell type. 
These cells filled with mucus may appear as isolated elements inside 
the columns of the squamous epithelium, as well as in the form of 
larger accumulations, in which case they most frequently line cystic 
formations filled with mucus and located inside the columns of the 
squamous epithelium. These cystic formations appear in varjdng 
number in different tumours and in different parts of one and the 
same tumour. "With the growth of the cysts the surrounding squa- 
mous epithelium seems to disappear owing to pressure atrophy so 
that sometimes only rests of the epithelium are visible and then in 
the form of a thin layer of flattened cells in the periphery of the 
cysts. Sometimes the peripheral layer has disappeared altogether 
leaving behind it but a layer of cylindrical goblet cells with basally 
positioned, often pyknotic nuclei (sec fig. 11). Also these cells dis- 
appear occasionally, leaving behind clear cell-free mucus lakes in the 
connective tissue. As already pointed out by Schilling these lakes are 
well-defined, no diffuse mucus imhibition on tbe part of the tissue 
ever being observable. Large cysts filled with fluid and macroscopic- 
ally visible arc not infrequently encountered in the tumours. As a rule 
these cysts contain a mucoid or amber-coloured fluid. They are ge- 
nerally lined with a stratified squamous epithelium with scattered 
goblet cells in varying number (sec fig. 9). Outside this cellular layer 
there is as a rule a sclerotic connective tissue wall in which one ge- 
nerally encounters infiltrating strands of squamous epithelium with 
large or small cysts containing mucus. (Sec fig. 4). In some of the 
writer’s cases a cellular change — - apparently not observed in cases 
published earlier — inside the squamous epithelium columns was ob- 
served. Groups of vacuolized cells with reticular cytoplasmic structure 
were manifestable. The vacuoles observable in preparations imbedded 
in paraffin could also be shown to consist of fat (see figs. 7 and 8). 
This change probably explains why the diagnosis »adenocarcinoma se- 
baceum* wms established earlier in a few' of the cases. This type of 
cells is not a necessary occurrence in this form of tumour. Staining 
for fat w'as not possible in all of the author’s cases because tumour 
material w'as not ahvays available, but in some cases w'here staining 
could be performed, the results were negative. The significance of 
sebaceous gland-like cells in this type of tumour w'ill be discussed in 
etail in connection with its histogenesis. In the jaw' tumours published 
y Bossart (1945) glycogen wms demonstrated in a numher of clear 
ce s similar to those of a hjqjernephroma. Such »cellules claires« w'ere 
a so manifest in several of the present waiter’s cases. Mucus secreting 
e s as well as epidermoid formations w'ere also found in Bossart’s 
. ses. n one of the cases, staining with Best’s carmine w'as performed 
an abundance of glycogen could be demonstrated. 
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As a rule the stroma of the tumour consists of a sclerotic connec- 
tive tissue which often shows a rich deposit of polymorphonuclear 
leukocytes, plasma cells or lymphocytes. Bleedings in the stroma are 
often observable and blood pigment deposits are common. These 
bleedings might possibly explain the occurrence of amber-coloured 
fluid present in the large cysts and, according to reports, often visible 
at operation. 

The histological picture, as described in the- preceding paragraph, 
of this form of tumour with scattered squamous epithelial formations 
and mucus secreting cells is characteristic, as already pointed out by 
Schilling and confirmed further above all by Skorpil. Skorpil would, 
however, carry the histological classification still further and divide 
this form of tumour into three different types, namely: 1: the adeno- 
matous variant with preponderantly gland-like passages with mucus 
secreting epithelium, 2: the solid variant with mainly solid squamous 
epithelial formations (however, always with signs of metamorphotic 
formation of mucus). 3: mixed forms between the above mentioned 
variants. The value of such a classification seems to me questionable 
for several reasons. Various parts of one and the same tumour may 
belong both to the adenomatous and to the solid variants. Further- 
more, at the initial examination a tumour may belong to one variant 
and later, on recurrence, to another. Under such circumstances and at 
any rate as long as it is not possible to demonstrate any difference in 
the biological character of the various histological variants, a grouping 
into various types is hardly warranted. 

The histogenesis of the type of tumour in question has been dis- 
cussed earlier in the literature. That the tumours originate from the 
mucous and salivary glands may be considered as highly probably as 
they are encountered mainly in these organs. The described cases of 
tumours developing from the lip, the tongue and the gingiva do not 
contradict this assumption, as mucous glands normally exist in these 
regions. Bossart assumes in his two cases of jaw tumours that the site 
of origin is located in the epithelium of the oral cavity. In one of his 
cases he could show a direct continuity between the epithelium of 
the oral cavity and the neoplastic tissue around a fistula and he 
interprets this connection as a strong support for his opinion. Such 
direct relationships between surface epithelium and neoplastic tissue 
have also been observed by the author in some of his own cases (See 
Cases 4, 9, and 10, Fig. 12). Such transitions between surface epithe- 
lium and neoplastic tissue can in my opinion be explained just as well 
by the fact that the tumour grows up and invades the surface epithe- 
lium which then ulcerates with the consequential development of a 
fistula. The clinical course in Case 9 in which a subcutaneous tumour 
grew up into the skin and then fistulated, argues for this assumption. 

It seems as if this tumour is not necessarily bound to the mucous and 
salivary glands, SikI (1932) having described two cases of skin tu- 
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inours in the median of the back. Judging bj' the pictures published, 
these tumours were histologically very similar to the form under dis- 
cussion. Slid would trace the origin of these tumours to the adnexal 
organs of the skin, prefcrai)Iy to the sweat glands. In view of this 
supposition the question arises whether the form of tumour under dis- 
cussion might not possibly be traced to the adnexal organs of the skin, 
and, as most cases arc met with in the parotid region, possibly to the 
glands of the acoustic duct. One is inclined first of all to think of that 
variant of sweat glands known under the name of ceruminal glands. 
It is, however, doubtful whether the tumours originate from these 
organs, as they appear in association with mucous and salivarj’^ glands 
distant from the acoustic duct, (tumours of the oral cavitj') and be- 
cause they do not resemble those tumours of the ceruminal glands 
reported in the literature. The cases published by Slid cause one to 
wonder whether these tumours originate from the mucous and sali- 
vary glands in the same way as those twenty or thirtj' tumours pro- 
ceeding from various regions of the skin and which agree histologically 
entirely with the so-called mixed tumours originating from the mu- 
cous and salivary glands. Schilling believes the form of growth in 
question to proceed from the larger excretory ducts of the salivary 
glands. This opinion is also shared by several other writers. Skorpil 
believes the starting point most likely to be sought in the isthmus 
cells, because the latter can be differentiated in mucus secreting cells. 
Goblet cells arc, however, existent in the larger excretory ducts, too. 
As far as the histogenesis is concerned, the presence of these mucus 
secreting cells do not teach us much because it is probably not unusual 
for goblet cells to develop in epidermoid epithelium. The parotid gland 
with its ducts develop cmbryologically from the oral epithelium, where 
there arc surely developmental potentialities which possibly render 
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c ion from wall of dental cyst. Epidermoid lining with a group of mucus 
filled cells. Approx. 1 : 500. 
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the formation of mucus secreting cells possible. As an example of this 
reference is made to Fig. 16 showing a section talcen from the wall’ 
of a dental cyst containing numerous cells filled with mucus and 
scattered in the squamous epithelial lining of the cyst. The squamous 
epithelium of these cysts is believed to originate from the so-called 
Malassez cell-debris, remnants of the enamel organ, which is formed 
by a downward grmvth of the epithelium of the oral cavity. A perusal 
of preparations of 70 simple dental cysts, revealed in 4 cases a more or 
less abundant formation of goblet cells among the squamous epithelial 
cells. The formation of mucous cells is not confined solely to the squa- 
mous epithelium of the oral cavity. Fig. 17 shows a section of a der- 



Fig. i7. 

Section from wall of dermoid cyst from ovaiy. Among epidermoid cells are 
some mucus-filled cells. Approx. 1 : 550. 

moid cyst in an ovary. In one part of the cyst is to be seen a row of 
cells filled with mucus which is otherwise lined entirely with kera- 
tinizing squamous epithelium. Such mucus secreting cells in the squa- 
mous epithelium were observed by the author in many cases of der- 
moid cysts of the ovary. Another example is the above mentioned skin 
tumours in the back and published by Sikl. Neither do the sebaceous 
gland-like structures in a few of the author’s cases teach us much of 
the details of the histogenesis. Sebaceous gland structures are met with 
in the Stenonian duct of the parotid gland and on the interior side of 
the cheek (cf. the hypertrophy of these glands in Fordyce’s disease). 
These structures may not serve as evidence for the histogenesis of the 
type of tumour in question proceeding from the larger excretory ducts, 
because the formation of typical sebaceous glands from the interlobular 
ducts of the parotid gland have been observed {Hartz 1946). Sum- 
marizing, one might be justified in saying that the histological struc- 
ture of the described form of tumour may argue for its originating 
from the ducts of mucous and salivary glands but that the structure 
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does not exhibit conclusive evidence as to tlic particular part of the 
denial system in the mucous and salivary glands to which these tu- 
mours are to be traced. 

From the above it will he apparent that this form of tumour has 
a typical histological structure, easy to recognize. A question of greater 
practical importance is wlicther this form of tumour has definite bio- 
logical characteristics and consequential typical clinical behaviour. 

Of the 81 cases described 51 were located in the parotid region. 
Seven were situated in the tongue. The material is still too limited to 
permit of any conclusions as to whether this form of tumour differs 
from others of the mucous and salivary glands as to its location of 
predilection. As mentioned further up, this form of tumour appears 
in all ages and in both sexes. The duration of the liistory before the 
patient seeks medical aid varies considerably, from one month up to 
15 years. The growth of the tumour may thus he very stow and hardly 
noticeable for several years. According to some of the histories, how- 
ever, the growth of the tumour was quicker during the last few months, 
and it seems as if some tumours with short histories grew rapidly 
from the very beginning. Clinically, the tumours resembled hard and 
solid neoplasms, which, at least in the beginning, could he pushed 
freely against the skin and the deeper tissues. Later in the course of 
their growth they often become adherent. On account of their tendency 
to developc into cysts they were not infrequently fluctuant on palpa- 
tion. Sometimes they had broken through the skin and fistulatcd. At 
operation they were often ill-defined and very sclerotic indeed. Di- 
stinct capsules (as often encountered with so-called mixed tumours) 
were rare and a radical extirpation was often unsuccessful. In this re- 
spect the tumour differs distinctly from so-called mixed tumours, 
which are as a rule distinctly encapsulated, and permit intracai)sular 
removal. The cysts were full of mucous substance or clear, amber- 
coloured fluid. 

With regard to the biological character of the tumours it is worthy 
of mention that their histological picture often shows invasive growth 
(in all of the cases of the present material and also pointed out in 
many cases published earlier). In spite of the high degree of differen- 
tiation, this histological feature is very' sugge.stive of this type of tu- 
mour being malignant. Also the pronounced tendency locally to recur 
argues in favour of tliis assumption. Of the 25 follow-ups mentioned 
in the table, no fever than 15 recurred once or more often. In some of 
lesc cases the observation time was very short (some months). Some 
a 1 1C recurrences appeared after a short time, which was often due 
to an incomplete removal of the growth. However, the literature also 
con ams reports of occurrences appearing after as long a time as seven 
jears. Metastases of the lymph nodes are not mentioned in any of 
lese cases, neither arc remote metastases, but the material of Stewart 
some cases with lymph node metastases and remote 

metastases. 
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Treatment was given to 34 of the cases published (one case being 
unexpected post mortem finding) and 31 of the . cases were treated 
surgically and most often in combination with irradiation. Three cases 
treated only with irradiation did not respond to the treatment. In some 
■of the author’s cases pre-operative irradiation had no substantial effect 
on the size of the tumour. Neither in the rather extensive material of 
Stewart et al. did irradiation produce any notable effect in this respect. 
■Consequently the most important therapy is presumably the extirpation 
of the tumour. Probably local application of Radium in operation 
wound can be of value. On account of the invasive tendency and often 
rather large extension of these tumours, the operations are rather dis- 
figuring. In no fewer than 4 of the 9 cases in the parotid region in 
the present material was it necessary to extirpate the facial nerve, 
with permanent facial paresis as a result. Whether the clinical picture, 
course, etc. of this form of tumour differs distinctly from other tu- 
mours of the mucous and salivary glands cannot yet be decided, be- 
cause the material is far too limited to be conclusive in this respect 
and because larger materials of tumours of the mucous and salivarj' 
glands are very heterogenetic indeed and include representatives of all 
sorts of forms, possibly also besides the form of tumour under dis- 
cussion. 

The degree of malignancy of this form of tumour is a controversial 
question. Masson & Berger believe it to be malignant. Kunstmann be- 
lieves it to be a benign adenome, in spite of the fact that recurrences 
appeared in all of his cases. Skorpil assails this opinion and contends 
that it must be considered potentially malignant. Stewart, Foote & 
Becker as well as Bernier divide these tumours into two groups, a be- 
nign group and a malignant one. They admit, however, that there are 
no clear histological signs of separation and that no fixed border se- 
parating these groups can be drawn. In their group of »benign« tu- 
mours the frequency of recurrences is also high. In some of their cases 
a primary benign tumour seems sometimes to assume a more malig- 
nant character on recurrence. In view of the fact that the growth is 
as a rule invasive and as it shows such a great tendency to recur, this 
form of tumour ought in the opinion of the author to be designated 
‘malignant' in spite of the degree of differentiation, histologically often 
very great. In the opinion of the author it is hardly defensible to di- 
stinguish between benign and malignant types of this form of tumour. 
Owing to the malignancy of this tumour it seems justified to use the 
term ‘carcinoma' and the name ‘mucus secreting cystic epidermoid 
carcinoma' to designate its typical histological picture. This designa- 
tion (Snellman uses the similar designation »carcinoma mucosum 
cj'sticum alveolare«) seems to me to be better than »mucus secreting 
epithelioma« proposed by Skorpil, because, as he himself points out, 
his suggestion may give rise to the discussion of the degree of malig- 
nancy on account of the different meanings various countries give to 
the term epithelioma. 
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' Summary. 

On the basis of 69 cases published earlier and 12 of his own, the 
author describes a special form of tumours of the mucous and salivary 
glands. 

1. This form of tumour is histologically characterized by invasive 
squamous epithelial columns in which mucus secreting cells develop 
with the result that cysts filled with mucus and surrounded by goblet 
cells are often developed. Sebaceous gland-like structures often develop 
in the tumour. 

2. Histogenetically this form of tumour can be traced to the ductal 
system of the mucous and salivary glands. 

3. This form of tumour can appear in both sexes and in all ages, 
and is probably more common than previously supposed. 

4. The growth has a great tendency locally to recur and both re- 
gional lymph node metastases and remote metastases have been ob- 
served. Judging by experiences hitherto, it seems as if this form of 
tumour does not respond to irradiation and that the most advisable 
treatment is radical surgical extirpation. This form of tumour ought 
to be considered malignant and it is suggested that it be designated 
mucus secreting cystic epidermoid carcinoma. 
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CHLOROFORM-»FAT REACTIONS« WITH 
DIPHTHERIA BACILLI 

By J. Orskov. 

(Received for publication August 28th, 1948.) 

In the course of studies of the pleuropneumonia group, for which 
after Frosch-) I have suggested the name of micromyces, and more 
particularly when occupied with the relatively newly-found micro- 
nij'ces from female genitals (Dienes^), I tried to clarify the pictures 
indirect microscopj'^) hy extracting any removable fat from the colo- 
nies with the aid of various fat solvents, ether, chloroform etc. The 
addition of chloroform was followed bj' peculiar pictures: entire colo- 
nies became covered with formations like drops of fat, a phenomenon 
not presented by most bacteria colonies when similarly treated. When 
diphtheria colonies cultivated on thin — under the microscope trans- 
lucent — blood plates (5 % horse blood added to broth agar) were 
treated, the result was a simitar picture, but still more pronounced: 
and as the first three colony types, gravis, intermedins and mitis, 
chanced to give very strong reactions to the first two, and no reaction 
to the mitis strain, my interest in the phenomenon was awakened and 
an investigation on a broader basis was started. 

First, something more about the phenomenon itself. On cultivating 
c- g. a gravis type on the above medium and inoculating in such a 
manner that the colonies will lie fairly close together, making it easy 
to find them by direct microscopy, we find on adding chloroform 
that even quite young colonies become covered with fatty drops, mostly 
so that they quite conceal the bacteria under them. In detail, the basic 
technique is the previously described direct agar microscopy;'’) a block 
IS cut out of the Jiiedium wdth a knife and laid upon a slide, preferablj' 
^ for example 7.5 X 4 cm., cover glass 3.4 X 3.8 cm. Before 
a mg five or six drops of chloroform, a small tuft of fat free cotton- 
voo spread out fine is laid over the surface and, immediately after 
^ mg four or five small drops of chloroform hy means of a Pasteur 



830 


pipette, a large cover glass is placed over the preparation. Examination 
is made at once (powerful illumination necessary-), preferably with 
a weak oilimmersion lens, e. g. Zeiss apochrom 60—0.85, or a powerful 
dry lens, moved slowly down towards the slide. After encountering a 
slightly misty picture one is near the colonies and one now finds them 
totally covered by a dense layer of drops, some of which disappear and 
reappear while others converge and often give the appearance of an 
invisible milking process which draws the drops out into long, teat- 
like bodies. As long as the chloroform is there, the picture remains j 
but as soon as it begins to disappear by evaporation from under the 
edge of the slide, it changes. The globules collapse like deflating balls, 
and at a given m oment the colonies are covered by these bodies, which 
eventually also disappear more or less, and what remains is remark- 
ably little conspicuous after the violent effect at the start; as the bac- 
teria now lie, they present a picture mostly resembling the normal in 
direct agar microscopy. 

If the surface of the medium is treated with ether before adding 
the chloroform, the fat picture does not appear at all. The first idea 
to occur was that these were drops of fat that were extracted from the 
colony, but fat which was only slightly soluble in chloroform. Spatially, 
however, the quantity is so large that so simple an explanation will 
not do; there could not be room for all this fat in the bacteria. I have 
therefore come to the conclusion that it must be fluids drawn out of 
the colonies and the medium in drops and covered with a fatty mem- 
brane. I have not been able to find similar observations in the chemistry 
of fats, but it will probably turn out to be a familiar occurrence in 
other connections. The fact that water plays a part in the formation 
of the drops seems to be evident from some small experiments. For 
example, on smearing a gravis culture from a blood-agar plate on 
to an agar plate and then proceeding with the same experiment as 
described above, we obtain a picture very similar to that of the blood- 
agar plate but without being so dominant, and the same is obtained 
by smearing the culture on to a slide — provided that it is done 
quickly; if we wait until the culture is dry the drop picture does not 
appear, but it can be reproduced by stirring the dry culture in water 
and quickly adding chloroform, still in the same manner with a little 
cotton-wool under the cover-glass to ensure the persistence of an 
active layer of chloroform for a sufficient length of time. 

What the fats or fatty compounds are, I have not been able to 
determine yet; it might be mentioned that in the case of gravis cultures, 
when the cover glass is examined outside the agar block one observes 
at once a crystallizing of characteristic bodies resembling fatty-acid 
crystals. With these fatty-acid crystals, of which large quantities can 
be obtained by washing the surface of a slightly old culture and allow- 
ing the chloroform to evaporate, for example on a slide, it is possible 
to produce pictures similar to those described above, provided that 
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• er is added to the crystals before the chloroform is added. As we- 
"hall see later when discussing the reactions of the intermedins and 
nitis strains, the explanation is not simply that this crystallizable 
substance alone conditions the formation of the drops. Another simple 
experiment seems to show that the combination fat — water — chloro- 
form may produce drops which morphologically are similar to those 
described. If we take a test-tube which has been carefully cleansed of 
fat for instance by repeated vigorous rinsings with ether, pour a little 
water into the bottom and add a little chloroform, and then blow 
through it energetically with the mouth through a Pasteur pipette, the 
chloroform and water will immediately separate sharply when the 
blowing is discontinued; hut if a little fat or a small quantity of 
diphtheria bacilli is added before blowing, we shall quickly get a 
relatively durable emulsion of drops very like those seen on the colo- 
nies; very little fat is required. In most cases our test-tubes, used a 
few times and in our opinion thoroughly cleansed, gave a similar 
reaction. 

Thanks to earlier virulence determinations,'*) the circumstance 
that the first tested mitis strain shoxved no fat reaction excited our 
imagination; for it was not impossible that such a difference in what 
looked like the supi)ly of surface fat might have some influence on 
the behaviour of the microorganism in an infected macroorganism, 
.similar to what happens with other functions of external microbial 
equipment. Let me say at once that I have been unable to demonstrate 
anything capable of being interpreted definitely as a connection of 
this sort. 

It now appeared on testing a number of strains that all colonies of 
gravis strains and intermedius strains, eight and nine respectively, on 
blood agar were »fat positive« with chloroform, and I have yet to see- 
a colony that is not. 

Of 28 mitis strains, 10 were positive, hut ahvays with the difference 
that the number of fat drops was smaller than wdth the gravis and 
intermedius strains; another characteristic feature was that the outer 
margin of the colonies was nearly always hare of fat drops. With the 
mitis strains there was also the interesting circumstance that some, 
for instance our P. W. 8 and No. 5687, in culture consisted of a mixture 
of purely fat positive and purely fat negative. In the case of P. W. 8 it 
looked as if they might become the one or the other; at any rate, I did 
not succeed in separating them and keeping them pure, whereas this 
n as relatively easy with No. 5687. The untreated colonies look very 

same; it is only when the chloroform is added that the 
cliilerence becomes clear. 

media, for example 10 % ascites agar, the gravis strains 

main »fat positive*, whereas most intermedius and all the positive 
nuis strains are negative. 

As I said before, with the gravis strains the fatty acid crystallization 
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<;ouId always be seen outside the block of agar under the cover glass; 
the same applies to most intermedins strains and it is impossible to 
distinguish the fatty acid crystals of the two types from each other. 
However, there are intermedins strains which do not form these cry- 
stals. If we follow the formation intimately in all phases we shall see 
that with these strains there is an incipient crystallization, but that 
something inhibits the final process. No mitis strain forms fatty-acid 
crystals. When gravis strains are cultivated on ascites agar they re- 
main »fat positive«, whereas most intermedins and all positive mitis 
strains remain negative. And here,, in connection with what I have 
said above regarding a possible connection between »fat positivity® 
and fatty-acid crystallization, it should be pointed out that two inter- 
medins strains which lost their fat positivity on ascites agar, never- 
theless gave rise here to the formation of fatty acid crystallization. 
Thus any connection there may be must presumably be relatively more 
complicated than was indicated by the testing of the gravis strains. 

I have said that it was possible to separate mitis strain 5687 into 
»fat positive® and »fat negative®. Both were toxin producers in vitro, 
and it was tempting to examine whether it was possible to demonstrate 
a qualitative difference in infection experiments. Employing the same 
technique as that described in an earlier work,®) a number of quite 
young guinea-pigs, weighing about 165 g., were injected intracutane- 
ously with 10 and 100 millions respectively in 0.1 c. c. The small doses 
caused but little reaction. With the large doses we obtained relatively 
rapidly progressing intoxications which killed the animals in the course 
of a few days. The reactions with the fat positive were perhaps a little 
stronger and a little quicker than with the fat negative, but there was 
no marked difference. 

In order to set up infections which perhaps were more like human 
infections we tried another technique. The animals (still quite young 
ones just able to fend for themselves) were shaved on a small area 
on one side of the abdomen just below the thorax. The razor was 
w'ielded with a rather heavy hand so that the skin showed small red 
spots without bleeding, and the bacteria were rubbed vigorously into 
the skin ^^^th cotton-wool on a stick and dipped into a 24 hour blood- 
agar culture. A piece of dry gauze was laid over, and an adhesive tape 
3 cm. wide all round the body kept the gauze in position during the 
experiment. This technique must probably have been used before, but 
nevertheless it was surprising to see that in this manner it was easy 
to produce the entire classical picture of diphtheria intoxication in 
the guinea-pigs, with extensive haemorrhagic subcutaneous oedema, 
dark red adrenals and fatal termination. It was also interesting that 
as a rule it was possible to cultivate diphtheria bacilli from the skin 
-only, not from subcutis, despite the fatal termination, this being one 
more observation in support of the most usual experience that the 
ability of the diphtheria bacillus to generalize in the guinea-pigs is 
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extremely small; it was also curious, and pointing in Hie same direc- 
tion that generally the animals died just as quickly, i. e. after three 
or four days, when they were infected cutaneously as when they were 
given an intracutaneous injection of 100 million bacilli. 

Here again there was no great difference between the positive and 
the negative variants. Perhaps the reactions caused by the fat-positive 
variant were slightly more pronounced; hut,, as stated, the difference 
was small. On cultivating from the infected animals I always obtained 
the same variant as that used in the experiments. Toxin smearing and 
toxin-gauze bandaging gave only superficial reaction, quite different 
from the reaction to smearing with diphtheria bacilli. Shaving alone 
caused the formation merely of a brief, quite superficial crust. 

In parentheses I may add that it surprised me to find that tho 
gravis strains, all older laboratory strains, in a dose of 10 millions in- 
tracutaneously could not kill the animals quickly, in contrast to what 
we found in our earlier experiments with strains nexvl5' cultivated from 
a severe gravis epidemic. It will be of interest to follow this up. It was 
also interesting to see that some strains, for instance an intermedins 
strain, were apparently more active inlracutaneously than cutaneously 
as compared with several other strains, both mitis and intermedius. 
Naturally, it makes judgment more uncertain that it is impossible to 
determine quantitatively the primary' cutaneous dose. 

In conclusion I would merely say that outside of the diphtheria 
bacillus group I have found no bacteria presenting quite the same fat- 
picture, and most of the angular growing, coryne-form bacilli are nega- 
tive. Some bacteria present a reaction with drops which appear very 
slowly and gradually cover the colonies; this is true e. g. of many 
pneumococci and a-haemoly'tic streptococci; tubercle bacilli also give 
a considerable drop reaction, hut of quite a different appearance from 
that of colonies of diphtheria bacilli. 

It was very interesting to test a number of strains resembling diph- 
theria bacilli which Poulseif') described and which could not be clas- 
sified as diphtheria bacilli, in spite of a certain antigen fellowship. 
Two of these, XVI and XVII, were distinctly fat positive, and one, 
XVII, gave a distinct cutaneous and subcutaneous reaction with the 
above-described mode of infection, but xvas quite unable to provoke 
a pathological picture after the intra- and subcutaneous injection even 
of large doses of culture. 


Summary. 

Colonies of diphtheria bacilli cultivated on blood-agar often present 
^^‘'‘‘^tion produced with the aid of chloroform. The various 
sornewhat, gravis and intermedius strains always showing 
inaoHv'' reaction on certain media, whereas many mitis strains are 
under similar conditions of growth. Some mitis strains could 
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be separated into positive and negative strains which retain these 
properties after animal passage. Tested on guinea-pigs, no definite 
difference could be found between positive and negative variants in 
a ' pathogenetic sense. 
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